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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention concerns a process and an apparatus for continuous 

polymerisation of olefin monomers. In particular, the present 

invention concerns a process and an apparatus for continuous 
polymerisation olefin monomers like ethylene and 
other monomers, wherein an olefin monomer is 
polymerised in slurry phase in an inert hydrocarbon 
diluent in at least one loop reactor. According to 

the invention, a polymer slurry is continuously withdrawn from the 
loop reactor and concentrated. The concentrated slurry 
is conducted to a flash unit in order to remove the remaining fluid 
phase, and gas obtained is compressed in a flash gas compressor before 
it is being fed to a distillation section. By means of the present 
invention it is possible reduce the size of the flash gas compressor and 
the capacity of the distillation sections. This significantly reduces 
investment cost for a continuously operated polymerization apparatus. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A process/apparatus is disclosed for continuously separating a liquid 

medium comprising diluent and unreached monomers from a polymerization 
effluent comprising diluent, unreacted monomers and polymer solids, 
comprising a continuous discharge of the polymerization 
effluent from a slurry reactor through a discharge valve and 
transfer conduit into a first intermediate pressure flash tank with a 
conical bottom defined by substantially straight sides inclined at an 
angle to that of horizontal equal to or greater than the angle of slide 
of the slurry /polymer solids and an exit seal chamber of such diameter 
(d) and length (1) as to maintain a desired volume of concentrated 
polymer solids/slurry in the exit seal chamber such as to form a 
pressure seal while continuously discharging a plug flow of concentrated 
polymer solids/slurry bottom product of the first flash tank from the 
exit seal chamber through a seal chamber exit reducer with inclined 
sides defined by substantially straight sides inclined at an angle to 
that of horizontal equal to or greater than the angle of slide of the 
polymer solids which remain after removal of about 50 to 100% of the 
inert diluent therefrom to a second flash tank at a lower pressure. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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DOCUMENT TYPE: 
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FINA TECHNOLOGY INC, PO BOX 674412, HOUSTON, TX, 
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21 

1-15 

2 Drawing Page(s) 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention discloses a slurry loop reactor 

having at least two loops (1, 2) and comprising a by-pass line (11) 
connecting two points (12, 13) of the same loop 
reactor by an alternate route having a different transit time 
than that of the main route, said by-pass line also collecting the 
growing polymer of a first loop reactor (1) and 

sending said growing polymer to an entry point (13) in a second reactor 
(2) . 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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The present invention relates to a process for improving the 
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NUMBER OF CLAIMS: 
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NUMBER OF DRAWINGS: 
LINE COUNT: 

CAS 
AB 



co-polymerization of ethylene and an olefin 

co-monomer, preferably hexene, in a polymerization loop 

reactor characterized in that said process comprises the step of 

controlling the co-monomer /monomer ratio along the path of the reactor, 

and in particular by multiple, spat Tally separated, feeding of monomer 

along the path of the loop reactor. In another 

aspect, the invention relates to a polymerization loop 

reactor suitable for the co-polymerization process of 

ethylene and an olefin co-monomer, preferably hexene. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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The invention relates to a device for taking out and analysing a sample 



NUMBER OF CLAIMS: 
EXEMPLARY CLAIM: 
NUMBER OF DRAWINGS: 

LINE COUNT: 
CAS 
AB 



from a polymerisation reactor comprising one or more sample conduits 
(2), for taking a sample out of said reactor and for conducting said 

sample to one or more sample flash tanks (3), whereby said conduits each 
are in communication with said reactor (19) and each are provided with 
at least two sampling valves (4, 5); comprising one or more sample flash 
tanks (3), for separating said solid particles and evaporated gas, 
whereby said sample flash tanks are connected to said conduits (2) and 
provided with means for analysing said evaporated gas (7), and 
comprising one or more sample receivers (6), for purifying said solid 
particles, whereby said receivers are connected to said sample flash 
tanks (3) and provided with means (8) for analysing said solid 
particles. The invention further relates to a method for improving a 
polymerisation reaction in a polymerisation reactor. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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KIND 
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DOCUMENT TYPE: 

FILE SEGMENT: 
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APPLICATION 
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1 

1 Drawing Page(s) 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention concerns a process and an apparatus for continuous 

polymerisation of olefin monomers in a cascade of 
polymerisation reactors. According to the process, an olefin 

monomer is polymerised first in slurry phase in an 
inert hydrocarbon diluent in at least one loop reactor 

and then, subsequently, in gas phase in at least one gas phase reactor. 
According to the invention, a polymer slurry is continuously withdrawn 
from the loop reactor and optionally concentrated. 

The concentrated slurry is conducted to a high pressure flash unit in 
order to remove the remaining fluid phase, and fed to the gas phase 
reactor. With the process described in this invention, it is possible to 
produce bimodal polyethylene with good properties. The operation of the 
process is stable because of the truly continuous operation. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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Camp, Carl Van, Beveren-Waas, BELGIUM 

Laurent, Etienne, Seneffe, BELGIUM 

Marechal, Philippe, Nivelles, BELGIUM 

Moers, Marc, Antwerpen, BELGIUM 

D'Hooghe, Leopold, Kapellen, BELGIUM 

Sillis, Marjan, Edegem, BELGIUM 

Hortman, Kai, Dilbeek, BELGIUM 

Folie, Pascal, Courcelles, BELGIUM 

Oreins, Renaud, Wavre, BELGIUM 

ATOFINA Research S.A., Seneffe (Feluy) , BELGIUM 
(non-U. S. corporation) 
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PRIORITY INFORMATION: US 2004-544846P 20040213 (60) 
DOCUMENT TYPE: Utility 
FILE SEGMENT: APPLICATION 

LEGAL REPRESENTATIVE: FINA TECHNOLOGY INC, PO BOX 674412, HOUSTON, TX, 

77267-4412, US 
NUMBER OF CLAIMS: 23 
EXEMPLARY CLAIM: 1 

NUMBER OF DRAWINGS: 51 Drawing Page(s) 

LINE COUNT: 9664 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB The present invention relates to an apparatus and process for 

polymerizing olefins. One embodiment comprises polymerizing at 
least one monomer in a first loop reactor in the 

presence of a catalyst to produce a first polyolefin fraction. A portion 

of the first polyolefin fraction is transferred to a second loop 

reactor, connected in series with the first loop 

reactor. The process further comprises polymerizing in the 

second loop reactor at least one monomer in the 

presence of a catalyst to produce a second polyolefin fraction in 
addition to the first polyolefin fraction. The combination of the first 
and second polyolefin fractions can produce a polymer resin fluff having 
bimodal molecular weight distribution. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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TITLE: Cascaded polyolefin slurry 

polymerization employing disengagement vessel 

between reactors 

INVENTOR (S) : Mutchler, Joel A., Morris, IL, UNITED STATES 
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Treptau, Michael H., Channahon, IL, UNITED STATES 

PATENT ASSIGNEE(S): Equistar Chemicals L.P., Houston, TX, UNITED STATES 

(U.S. corporation) 

NUMBER KIND DATE 
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RELATED APPLN. INFO.: Division of Ser. No. US 2003-396900, filed on 25 Mar 

2003, GRANTED, Pat. No. US 6921804 
DOCUMENT TYPE: Utility 
FILE SEGMENT: APPLICATION 

LEGAL REPRESENTATIVE: BROOKS KUSHMAN P.C., 1000 TOWN CENTER, TWENTY-SECOND 

FLOOR, SOUTHFIELD, MI, 48075, US 
NUMBER OF CLAIMS: 10 
EXEMPLARY CLAIM: 1-18 
NUMBER OF DRAWINGS: 2 Drawing Page(s) 

LINE COUNT: 618 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A disengagement vessel employing a lock hopper effectively reduces 

concentration of non-polymer-associated components in the polymer 
product slurry of a first olefin slurry polymerization 
reactor, allowing cascading of a second slurry 
polymerization reactor operating at lesser concentration of 
comonomers, hydrogen, and other components to produce multicompositional 
polyolefin polymers and/or polymers having a multimodal monomer 
distribution, e.g. diblock polymers having substantially non-overlapping 
comonomer contents between the blocks. 



S/N 10/572817 



CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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Mar 2003, PENDING Continuation of Ser. No. US 
2001-955729, filed on 19 Sep 2001, PENDING Division of 
Ser. No. US 2000-679959, filed on 5 Oct 2000, GRANTED, 
Pat. No. US 6319997 Division of Ser. No. US 
1999-313818, filed on 18 May 1999, GRANTED, Pat. No. US 
6204344 Continuation-in-part of Ser. No. US 1998-80412, 
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Ser. No. US 1998-81392, filed on 18 May 1998, GRANTED, 
Pat. No. US 6281300 
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DATE 
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DOCUMENT TYPE: 
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EXXONMOBIL CHEMICAL COMPANY, P 0 BOX 2149, BAYTOWN, TX, 

77522-2149 

27 

1 

3 Drawing Page{s) 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A process/apparatus is disclosed for continuously separating a liquid 

medium comprising diluent and unreacted monomers from a polymerization 
effluent comprising diluent, unreacted monomers and polymer solids, 
comprising a continuous discharge of the polymerization 
effluent from a slurry reactor through a discharge valve and 
transfer conduit into a first intermediate pressure flash tank with a 
conical bottom defined by substantially straight sides inclined at an 
angle to that of horizontal equal to or greater than the angle of slide 
of the slurry/polymer solids and an exit seal chamber of such diameter 
(d) and length (1) as to maintain a desired volume of concentrated 
polymer solids/slurry in the exit seal chamber such as to form a 
pressure seal while continuously discharging a plug flow of concentrated 
polymer solids/slurry bottom product of said first flash tank from the 
exit seal chamber through a seal chamber exit reducer with inclined 
sides defined by substantially straight sides inclined at an angle to 
that of horizontal equal to or greater than the angle of slide of the 
polymer solids which remain after removal of about 50 to 100% of the 
inert diluent therefrom to a second flash tank at a lower pressure. 



CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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APPLICATION 
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35 
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1 Drawing Page(s) 
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filed on 3 Nov 
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PATENT INFORMATION: 
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DOCUMENT TYPE: 
FILE SEGMENT: 
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NUMBER OF CLAIMS: 
EXEMPLARY CLAIM: 
NUMBER OF DRAWINGS: 
LINE COUNT: 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB Processes, methods and apparatus relating to olefin polymerization 

include the use of Raman spectrometry to monitor the concentration of 
reactants, products or other chemical components. One or more 
polymerizaton conditions are adjusted in response to those monitored 
concentrations. The present processes, methods and apparatus are 
applicable with slurry olefin polymerization 

process, even though such slurry processes contain solid particles were 
are known to interfere with Raman spectrometry. Furthermore, the present 
processes, methods and apparatus are applicable where there is some 

degree of overlap between Raman spectral peaks. Methods of monitoring 
and controlling olefin polymerization processes, reactants and other 
components use Raman spectrometry. Apparatus for olefin polymerization 
reactions have polymerization equipment, at least one Raman probe 
located in the polymerization equipment, and Raman spectrometry 
equipment located outside the polymerization equipment and operatively 
connected to at least one Raman probe. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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AB An olefin polymerization process wherein monomer, diluent and 

catalyst are circulated in a continuous loop reactor 

and product slurry is recovered by means of a continuous product take 
off. The continuous product allows operating the reaction at 
significantly higher solids content in the 

circulating slurry. In a preferred embodiment, the slurry is heated in a 
flash line heater and passed to a high pressure flash where a majority 
of the diluent is separated and thereafter condensed by simple heat 
exchange, without compression, and thereafter recycled. Also an 
olefin polymerization process operating at higher reactor solids 
by virtue of more aggressive circulation. 
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AB A process and apparatus for separating polymer solids, hydrocarbon 

fluids, and purge gas in an intermediate pressure zone and a purge zone. 
The purge gas in the purge zone is used to remove hydrocarbon fluids 
from the polymer solids, and a stream containing the purge gas and 
hydrocarbons is passed to a hydrocarbon/purge gas recovery zone. 
High-purity purge gas from the recovery zone is efficiently used by 
passing a portion back to the purge zone and another portion to an 
extruder feed zone. Hydrocarbon fluids separated from polymer solids in 
the intermediate pressure zone and in the hydrocarbon /purge gas recovery 
zone are liquefied and passed to a recycle zone, and the hydrocarbons 
(typically liquid diluent and/or unreacted monomer) are recycled to the 
reactor without fractionation. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB An olefin polymerization process wherein monomer, diluent and 

catalyst are circulated in a continuous loop reactor 

and product slurry is withdrawn and passed through a heated conduit to a 
cyclone. The cyclone allows better separation of vaporized diluent. In a 
preferred embodiment, the slurry is heated in a flashline heater so that 
a high percentage of the withdrawn diluent is vaporized. The vaporized 
diluent and concentrated intermediate product are passed to a cyclone 
where a majority of the vaporized diluent is separated and thereafter 
condensed by heat exchange, without compression, and recycled to the 
reactor. Also an apparatus for separating vaporized diluent and polymer 
particles using a cyclone. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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INDEXING IS AVAILABLE FOR THIS PATENT. 

An improved polymerization process includes withdrawing a portion of a 



fluid slurry through a plurality of active continuous take off 
mechanisms, monitoring the pressure of feed material fed to the reactor, 
and adjusting the continuous take off mechanisms in response to the 
monitored feed line pressure. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB Processes, methods and apparatus relating to olefin polymerization 

include the use of Raman spectrometry to monitor the concentration of 
reactants, products or other chemical components. One or more 

polymerizaton conditions are adjusted in response to those monitored 
concentrations. The present processes, methods and apparatus are 
applicable with slurry olefin polymerization 

process, even though such slurry processes contain solid particles were 
are known to interfere with Raman spectrometry. Furthermore, the present 

processes, methods and apparatus are applicable where there is some 
degree of overlap between Raman spectral peaks. Methods of monitoring 
and controlling olefin polymerization processes, reactants and other 
components use Raman spectrometry. Apparatus for olefin polymerization 
reactions have polymerization equipment, at least one Raman probe 
located in the polymerization equipment, and Raman spectrometry 
equipment located outside the polymerization equipment and operatively 
connected to at least one Raman probe. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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A polymerization loop reactor including a 
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loop reaction zone, a continuous takeoff, and a fluid slurry 

disposed in the reaction zone. A generally cylindrical wall defines the 

loop reaction zone. The length of the loop reaction zone and the nominal 

outside diameter of the generally cylindrical wall define a 

length/diameter ratio greater than 250. The reactor can be charged with 

a fluid slurry including an olefin monomer reactant, solid 

olefin polymer particles, and a liquid diluent. The 

concentration of the solid olefin polymer particles in the 

slurry can be greater than 40 weight percent based on the weight of 

polymer particles and the weight of liquid diluent. Also disclosed is a 

polymerization process carried out by polymerizing, in the loop reaction 

zone of a reactor as defined above, at least one olefin 

monomer in a liquid diluent to produce a fluid slurry as defined above. 
CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A process/apparatus is disclosed for continuously separating a liquid 

medium comprising diluent and unreacted monomers from a polymerization 
effluent comprising diluent, unreacted monomers and polymer solids, 
comprising a continuous discharge of the polymerization 
effluent from a slurry reactor through a discharge valve and 
transfer conduit into a first intermediate pressure flash tank with a 
conical bottom defined by substantially straight sides inclined at an 
angle to that of horizontal equal to or greater than the angle of slide 
of the slurry/polymer solids and an exit seal chamber of such diameter 
(d) and length (1) as to maintain a desired volume of concentrated 
polymer solids/slurry in the exit seal chamber such as to form a 
pressure seal while continuously discharging a plug flow of concentrated 
polymer solids/slurry bottom product of said first flash tank from the 
exit seal chamber through a seal chamber exit reducer with inclined 
sides defined by substantially straight sides inclined at an angle to 
that of horizontal equal to or greater than the angle of slide of the 
polymer solids which remain after removal of about 50 to 100% of the 
inert diluent therefrom to a second flash tank at a lower pressure. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A process/apparatus is disclosed for continuously separating a liquid 

medium comprising diluent and unreacted monomers from a polymerization 
effluent comprising diluent, unreacted monomers and polymer solids, 
comprising a continuous discharge of the polymerization 
effluent from a slurry reactor through a discharge valve and 
transfer conduit into a first intermediate pressure flash tank with a 
conical bottom defined by substantially straight sides inclined at an 
angle to that of horizontal equal to or greater than the angle of slide 
of the slurry/polymer solids and an exit seal chamber of such diameter 
(d) and length (1) as to maintain a desired volume of concentrated 
polymer solids/slurry in the exit seal chamber such as to form a 
pressure seal while continuously discharging a plug flow of concentrated 
polymer solids/slurry bottom product of the first flash tank from the 
exit seal chamber through a seal chamber exit reducer with inclined 
sides defined by substantially straight sides inclined at an angle to 
that of horizontal equal to or greater than the angle of slide of the 
polymer solids which remain after removal of about 50 to 100% of the 
inert diluent therefrom to a second flash tank at a lower pressure. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A process/apparatus is disclosed for continuously separating a liquid 

medium comprising diluent and unreacted monomers from a polymerization 
effluent comprising diluent, unreacted monomers and polymer solids, 
comprising a continuous discharge of the polymerization 
effluent from a slurry reactor through a discharge valve and 
transfer conduit into a first intermediate pressure flash tank with a 
conical bottom defined by substantially straight sides inclined at an 
angle to that of horizontal equal to or greater than the angle of slide 
of the slurry/polymer solids and an exit seal chamber of such diameter 
(d) and length (1) as to maintain a desired volume of concentrated 



S/N 10/572817 



polymer solids/slurry in the exit seal chamber such as to form a 
pressure seal while continuously discharging a plug flow of concentrated 
polymer solids/slurry bottom product of the first flash tank from the 
exit seal chamber through a seal chamber exit reducer with inclined 
sides defined by substantially straight sides inclined at an angle to 
that of horizontal equal to or greater than the angle of slide of the 
polymer solids which remain after removal of about 50 to 100% of the 
inert diluent therefrom to a second flash tank at a lower pressure. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A process/apparatus is disclosed for continuously separating a liquid 

medium comprising diluent and unreacted monomers from a polymerization 
effluent comprising diluent, unreacted monomers and polymer solids, 
comprising a continuous discharge of the polymerization 
effluent from a slurry reactor through a discharge valve and 
transfer conduit into a first intermediate pressure flash tank with a 
conical bottom defined by substantially straight sides inclined at an 
angle to that of horizontal equal to or greater than the angle of slide 
of the slurry/polymer solids and an exit seal chamber of such diameter 
(d) and length (1) as to maintain a desired volume of concentrated 
polymer solids/slurry in the exit seal chamber such as to form a 
pressure seal while continuously discharging a plug flow of concentrated 
polymer solids/slurry bottom product of said first flash tank from the 
exit seal chamber through a seal chamber exit reducer with inclined 
sides defined by substantially straight sides inclined at an angle to 
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that of horizontal equal to or greater than the angle of slide of the 
polymer solids which remain after removal of about 50 to 100% of the 
inert diluent therefrom to a second flash tank at a lower pressure. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB An apparatus and method for continuously removing polymer from a 

pressurized loop olefin polymerization 
reactor containing a slurry of polymer particles and 

fluids. The slurry is continuously discharged from polymer-rich zones of 
the reactor and enters one or a series of non-cyclonic flash vessels, in 
which the particles separate from the fluid. The flash vessel has a 

conical bottom in which a minimum level of polymer is maintained for a 

dynamic seal between the inlet and outlet. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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INDEXING IS AVAILABLE FOR THIS PATENT. 

An olefin polymerization process wherein monomer, diluent and 
catalyst are circulated in a continuous loop reactor 

and product slurry is recovered by means of a continuous product take 
off. The continuous product allows operating the reaction at 

significantly higher solids content in the 

circulating slurry. In a preferred embodiment, the slurry is heated in a 
flash line heater and passed to a high pressure flash where a majority 
of the diluent is separated and thereafter condensed by simple heat 
exchange, without compression, and thereafter recycled. Also an 
olefin polymerization process operating at higher reactor solids 
by virtue of more aggressive circulation. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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AB An olefin polymerization process wherein monomer, diluent and 

catalyst are circulated in a continuous loop reactor 

and product slurry is recovered by means of a continuous product take 
off. The continuous product allows operating the reaction at 
significantly higher solids content in the 

circulating slurry. Also an olefin 

polymerization process operating at higher reactor solids by 
virtue of more aggressive circulation. The fluid slurry is circulated in 
the loop reaction zone with a pump providing a pressure differential of 
at least 18 psi. 
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AB An olefin polymerization process wherein monomer, diluent and 

catalyst are circulated in a continuous loop reactor 

and product slurry is recovered by means of a continuous product take 
off. The product slurry is exposed to a pressure drop in a flash zone, 
producing a second slurry and vaporized diluent. The vaporized diluent 
produced in said flash chamber is condensed by heat exchange, without 
compression . 
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An olefin polymerization process wherein monomer, diluent and 
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catalyst are circulated in a continuous loop reactor 

and product slurry is recovered by means of a continuous product take 
off. The continuous product allows operating the reaction at 
significantly higher solids content in the 

circulating slurry. The concentration of solid olefin polymer 
particles in the slurry in the reaction zone may be maintained at a 
value of 45 weight percent or higher, based on the weight of polymer 
particles and the weight of the liquid diluent. 
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AB An olefin polymerization process wherein monomer, at least one 

olefin comonomer different from the olefin monomer, 
diluent and catalyst are circulated in a continuous loop 
reactor and product slurry is recovered by means of a continuous 
product take off. The continuous product allows operating the reaction 
at significantly higher solids content in the 
circulating slurry. 
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AB An olefin polymerization process wherein monomer, at least one 

olefin comonomer different from the olefin monomer, 
diluent and catalyst are circulated in a continuous loop 
reactor and product slurry is recovered by means of a continuous 
product take off. The continuous product allows operating the reaction 
at significantly higher solids content in the 
circulating slurry. The polymerization process 
operates at a space-time yield of at least 2.18 Ib/hr-gal. 
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An olefin polymerization process wherein monomer, diluent and 
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catalyst are circulated in a continuous loop reactor 

and product slurry is recovered by means of a continuous product take 
off. The continuous product allows operating the reaction at 
significantly higher solids content in the 
circulating slurry. The concentration of ethylene in 

the circulating slurry is at least 3.67 weight percent and the average 
concentration of solid olefin polymer particles is greater 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A process/apparatus is disclosed for continuously separating a liquid 

medium comprising diluent and unreacted monomers from a polymerization 
effluent comprising diluent, unreacted monomers and polymer solids, 
comprising a continuous discharge of the polymerization 
effluent from a slurry reactor through a discharge valve and 
transfer conduit into a first intermediate pressure flash tank with a 
conical bottom defined by substantially straight sides inclined at an 
angle to that of horizontal equal to or greater than the angle of slide 
of the slurry/polymer solids and an exit seal chamber of such diameter 
(d) and length (1) as to maintain a desired volume of concentrated 
polymer solids/slurry in the exit seal chamber such as to form a 
pressure seal while continuously discharging a plug flow of concentrated 
polymer solids/slurry bottom product of the first flash tank from the 
exit seal chamber through a seal chamber exit reducer with inclined 
sides defined by substantially straight sides inclined at an angle to 
that of horizontal equal to or greater than the angle of slide of the 
polymer solids which remain after removal of about 50 to 100% of the 
inert diluent therefrom to a second flash tank at a lower pressure. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A process/apparatus is disclosed for continuously separating a liquid 

medium comprising diluent and unreacted monomers from a polymerization 
effluent comprising diluent, unreacted monomers and polymer solids, 
comprising a continuous discharge of the polymerization 
effluent from a slurry reactor through a discharge valve and 
transfer conduit into a first intermediate pressure flash tank with a 
conical bottom defined by substantially straight sides inclined at an 
angle to that of horizontal equal to or greater than the angle of slide 
of the slurry/polymer solids and an exit seal chamber of such diameter 
(d) and length (1) as to maintain a desired volume of concentrated 
polymer solids/slurry in the exit seal chamber such as to form a 
pressure seal while continuously discharging a plug flow of concentrated 
polymer solids/slurry bottom product of the first flash tank from the 
exit seal chamber through a seal chamber exit reducer with inclined 
sides defined by substantially straight sides inclined at an angle to 
that of horizontal equal to or greater than the angle of slide of the 
polymer solids which remain after removal of about 50 to 100% of the 
inert diluent therefrom to a second flash tank at a lower pressure. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A process/apparatus is disclosed for continuously separating a liquid 

medium comprising diluent and unreacted monomers from a polymerization 
effluent comprising diluent, unreacted monomers and polymer solids, 
comprising a continuous discharge of the polymerization 
effluent from a slurry reactor through a discharge valve and 
transfer conduit into a first intermediate pressure flash tank with a 
conical bottom defined by substantially straight sides inclined at an 
angle to that of horizontal equal to or greater than the angle of slide 
of the slurry/polymer solids and an exit seal chamber of such diameter 
(d) and length (1) as to maintain a desired volume of concentrated 
polymer solids/slurry in the exit seal chamber such as to form a 
pressure seal while continuously discharging a plug flow of concentrated 
polymer solids/slurry bottom product of the first flash tank from the 
exit seal chamber through a seal chamber exit reducer with inclined 
sides defined by substantially straight sides inclined at an angle to 
that of horizontal equal to or greater than the angle of slide of the 
polymer solids which remain after removal of about 50 to 100% of the 
inert diluent therefrom to a second flash tank at a lower pressure. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A process/apparatus is disclosed for continuously separating a liquid 

medium comprising diluent and unreacted monomers from a polymerization 
effluent comprising diluent, unreacted monomers and polymer solids, 
comprising a continuous discharge of the polymerization 
effluent from a slurry reactor through a discharge valve and 
transfer conduit into a first intermediate pressure flash tank with a 
conical bottom defined by substantially straight sides inclined at an 
angle to that of horizontal equal to or greater than the angle of slide 
of the slurry/polymer solids and an exit seal chamber of such diameter 
(d) and length (1) as to maintain a desired volume of concentrated 
polymer solids/slurry in the exit seal chamber such as to form a 
pressure seal while continuously discharging a plug flow of concentrated 
polymer solids/slurry bottom product of said first flash tank from the 
exit seal chamber through a seal chamber exit reducer with inclined 
sides defined by substantially straight sides inclined at an angle to 
that of horizontal equal to or greater than the angle of slide of the 
polymer solids which remain after removal of about 50 to 100% of the 
inert diluent therefrom to a second flash tank at a lower pressure. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB An olefin polymerization process wherein monomer, diluent and 

catalyst are circulated in a continuous loop reactor 

and product slurry is recovered by means of a continuous product take 
off. The continuous product allows operating the reaction at 
significantly higher solids content in the 

circulating slurry. In a preferred embodiment, the slurry is heated in a 
flash line heater and passed to a high pressure flash where a majority 
of the diluent is separated and thereafter condensed by simple heat 
exchange, without compression, and thereafter recycled. Also an 
olefin polymerization process operating at higher reactor solids 
by virtue of more aggressive circulation. 
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INDEXING IS AVAILABLE FOR THIS PATENT. 

A process/apparatus is disclosed for continuously separating a liquid 



medium comprising diluent and unreacted monomers from a polymerization 
effluent comprising diluent, unreacted monomers and polymer solids, 
comprising a continuous discharge of the polymerization 

effluent from a slurry reactor through a discharge valve and 
transfer conduit into a first intermediate pressure flash tank with a 
conical bottom defined by substantially straight sides inclined at an 
angle to that of horizontal equal to or greater than the angle of slide 
of the slurry/polymer solids and an exit seal chamber of such diameter 
(d) and length (1) as to maintain a desired volume of concentrated 
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polymer solids/slurry in the exit seal chamber such as to form a 
pressure seal while continuously discharging a plug flow of concentrated 
polymer solids/slurry bottom product of said first flash tank from the 
exit seal chamber through a seal chamber exit reducer with inclined 
sides defined by substantially straight sides inclined at an angle to 
that of horizontal equal to or greater than the angle of slide of the 
polymer solids which remain after removal of about 50 to 100% of the 
inert diluent therefrom to a second flash tank at a lower pressure. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB Method for the production of milled supports useful for the preparation 

of mono-l-olef in polymerization catalysts is provided by comminuting 
Mg (0) mX . sub . 2 -m or Mn (0) mX . sub . 2 -m, and high density ethylene polymer, 
optionally in the presence of an aromatic phenol and/or an aluminum 
halide to produce a composite catalyst support prior to further 
comminution with a tetravalent titanium halide to produce a first 
catalyst component and finally admixture of the first catalyst component 
with an organoaluminum catalyst compound. Polymerization process 
employing the novel catalyst system thus produced is also provided. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A transition metal compound and a metal halide compound are chemically 

combined to form a composition of matter. The composition of matter is 
rapidly mixed with a precipitating agent to form an active olefin 
polymerization catalyst. 
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A transition metal compound and a metal halide compound are chemically 
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combined to form a composition of matter. The composition of matter is 

rapidly mixed with a precipitating agent to form an active olefin 
polymerization catalyst under an olefin atmosphere and prepolymer is 
formed on said catalyst to yield a catalyst capable of producing low 
fines content polymer. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB An olefin is polymerized in a hydrocarbon diluent in a turbulent 

reaction zone to produce particles of polymer which are substantially 
insoluble in the diluent. Fouling of the reactor by adherence of polymer 
particles to the walls of the reactor is reduced by adding to the 
reaction medium a composition which comprises a mixture of an aluminum 
or chromium salt of an alkyl salicylic acid and an alkali metal alkyl 
sulfosuccinate. 
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The present invention concerns a process and an apparatus for continuous 
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polymerisation of olefin monomers in a cascade of 

polymerisation reactors. According to the process, an olefin 
monomer is polymerised first in slurry phase in an 
inert hydrocarbon diluent in at least one loop reactor 

and then, subsequently, in gas phase in at least one gas phase reactor. 
According to the invention, a polymer slurry is continuously withdrawn 

from the loop reactor and optionally concentrated. 

The concentrated slurry is conducted to a high pressure flash unit in 
order to remove the remaining fluid phase, and fed to the gas phase 
reactor. With the process described in this invention, it is possible to 
produce bimodal polyethylene with good properties. The operation of the 
process is stable because of the truly continuous operation. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A disengagement vessel employing a lock hopper effectively reduces 
concentration of non-polymer-associated components in the polymer 

product slurry of a first olefin slurry polymerization 

reactor, allowing cascading of a second slurry 

polymerization reactor operating at lesser concentration of 

comonomers, hydrogen, and other components to produce multicompositional 

polyolefin polymers and/or polymers having a multimodal monomer 

distribution, e.g. diblock polymers having substantially non-overlapping 

comonomer contents between the blocks. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 



L7 ANSWER 43 OF 53 
ACCESSION NUMBER: 
TITLE: 

INVENTOR (S) : 



PATENT ASSIGNEE (S) : 



USPAT2 on STN 

2004:159383 USPAT2 

Continuous withdrawal from high solids slurry 
polymerization 

Verser, Donald W., Houston, TX, United States 

Burns, David H., Houston, TX, United States 
Hein, James E., Houston, TX, United States 
Rajaendran, George K., Humble, TX, United States 
Hottovy, John D., Barlesville, OK, United States 
Chevron Phillips Chemical Company, LP, The Woodlands, 
TX, United States (U.S. corporation) 



PATENT INFORMATION: 

APPLICATION INFO.: 
RELATED APPLN. INFO. 



NUMBER 



KIND 



DATE 



US 6815511 B2 20041109 

US 2003-668857 20030923 (10) 

Continuation-in-part of Ser. No. US 2002-176289, filed 
on 20 Jun 2002 Continuation of Ser. No. US 2000-586370, 
filed on 2 Jun 2000 Division of Ser. No. US 
1997-893200, filed on 15 Jul 1997, now patented, Pat. 
No. US 6239235 



S/N 10/572817 



NUMBER 



DATE 



PRIORITY INFORMATION 
DOCUMENT TYPE: 
FILE SEGMENT: 
PRIMARY EXAMINER: 
LEGAL REPRESENTATIVE 
NUMBER OF CLAIMS: 
EXEMPLARY CLAIM: 
NUMBER OF DRAWINGS: 
LINE COUNT: 



US 2002-413924P 

Utility 

GRANTED 

Lu, Caixia 

Fletcher Yoder 

13 

1 



20020925 (60) 



9 Drawing Figure (s); 7 Drawing Page(s) 
682 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB An improved polymerization process includes withdrawing a portion of a 

fluid slurry through a plurality of active continuous take off 
mechanisms, monitoring the pressure of feed material fed to the reactor, 
and adjusting the continuous take off mechanisms in response to the 
monitored feed line pressure. 
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in two reactors in 



series, the process comprising producing a first polyethylene resin 
fraction in a first slurry loop reactor in a diluent 

in the presence of a catalyst and producing a second polyethylene resin 
fraction in a second slurry loop reactor, serially 

connected to the first reactor, in the diluent in the presence of the 

catalyst, the first polyethylene resin fraction being passed from the 
first reactor to the second reactor together with the catalyst, one of 
the first and second reactors producing a resin fraction of higher 
molecular than the resin fraction produced by the other of the first and 
second reactors, characterised in that the first reactor is fed with a 
feed of ethylene and diluent having an ethylene 
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content of at least 70 wt % based on the weight of the diluent and in 
that in the first reactor the slurry of polyethylene in the diluent has 
a solids content of at least 30 wt % based on the 

weight of the diluent. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A polymerization loop reactor including a 

loop reaction zone, a continuous takeoff, and a fluid slurry 

disposed in the reaction zone. A generally cylindrical wall defines the 

loop reaction zone. The length of the loop reaction zone and the nominal 

outside diameter of the generally cylindrical wall define a 

length/diameter ratio greater than 250. The reactor can be charged with 

a fluid slurry including an olefin monomer reactant, solid 

olefin polymer particles, and a liquid diluent. The 

concentration of the solid olefin polymer particles in the 

slurry can be greater than 40 weight percent based on the weight of 

polymer particles and the weight of liquid diluent. Also disclosed is a 

polymerization process carried out by polymerizing, in the loop reaction 

zone of a reactor as defined above, at least one olefin 

monomer in a liquid diluent to produce a fluid slurry as defined above. 
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A process/apparatus is disclosed for continuously separating a liquid 
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medium comprising diluent and unreacted monomers from a polymerization 

effluent comprising diluent, unreacted monomers and polymer solids, 
comprising a continuous discharge of the polymerization 
effluent from a slurry reactor through a discharge valve and 
transfer conduit into a first intermediate pressure flash tank with a 
conical bottom defined by substantially straight sides inclined at an 
angle to that of horizontal equal to or greater than the angle of slide 
of the slurry/polymer solids and an exit seal chamber of such diameter 
(d) and length (1) as to maintain a desired volume of concentrated 
polymer solids/slurry in the exit seal chamber such as to form a 
pressure seal while continuously discharging a plug flow of concentrated 
polymer solids/slurry bottom product of said first flash tank from the 
exit seal chamber through a seal chamber exit reducer with inclined 
sides defined by substantially straight sides inclined at an angle to 
that of horizontal equal to or greater than the angle of slide of the 
polymer solids which remain after removal of about 50 to 100% of the 
inert diluent therefrom to a second flash tank at a lower pressure. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A process/apparatus is disclosed for continuously separating a liquid 

medium comprising diluent and unreacted monomers from a polymerization 
effluent comprising diluent, unreacted monomers and polymer solids, 
comprising a continuous discharge of the polymerization 
effluent from a slurry reactor through a discharge valve and 
transfer conduit into a first intermediate pressure flash tank with a 
conical bottom defined by substantially straight sides inclined at an 
angle to that of horizontal equal to or greater than the angle of slide 
of the slurry/polymer solids and an exit seal chamber of such diameter 
(d) and length (1) as to maintain a desired volume of concentrated 
polymer solids/slurry in the exit seal chamber such as to form a 
pressure seal while continuously discharging a plug flow of concentrated 
polymer solids/slurry bottom product of the first flash tank from the 
exit seal chamber through a seal chamber exit reducer with inclined 
sides defined by substantially straight sides inclined at an angle to 
that of horizontal equal to or greater than the angle of slide of the 
polymer solids which remain after removal of about 50 to 100% of the 
inert diluent therefrom to a second flash tank at a lower pressure. 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A process of converting a loop reactor into multiple 

loop reactors comprising starting with a loop 

reactor comprising at least 8 vertical legs, at least two 

non-vertical conversion runs, each non-vertical run connected in fluid 

flow communication with two vertical legs; at least two feed inlets; and 

at least two continuous discharge conduits; disconnecting at least one 

connection of each conversion run; and reconnecting each conversion run 

in fluid flow communication with a different vertical leg in such a 

manner to form multiple loop reactors each having at 

least one feed inlet and at least one continuous discharge conduit. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A process/apparatus is disclosed for continuously separating a liquid 

medium comprising diluent and unreacted monomers from a polymerization 
effluent comprising diluent, unreacted monomers and polymer solids, 
comprising a continuous discharge of the polymerization 
effluent from a slurry reactor through a discharge valve and 
transfer conduit into a first intermediate pressure flash tank with a 
conical bottom defined by substantially straight sides inclined at an 
angle to that of horizontal equal to or greater than the angle of slide 
of the slurry/polymer solids and an exit seal chamber of such diameter 
(d) and length (1) as to maintain a desired volume of concentrated 
polymer solids/slurry in the exit seal chamber such as to form a 
pressure seal while continuously discharging a plug flow of concentrated 
polymer solids/slurry bottom product of said first flash tank from the 
exit seal chamber through a seal chamber exit reducer with inclined 
sides defined by substantially straight sides inclined at an angle to 
that of horizontal equal to or greater than the angle of slide of the 
polymer solids which remain after removal of about 50 to 100% of the 
inert diluent therefrom to a second flash tank at a lower pressure. 
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AB An olefin polymerization process wherein monomer, diluent and 

catalyst are circulated in a continuous loop reactor 

and product slurry is recovered by means of a continuous product take 
off. The product slurry is exposed to a pressure drop in a flash zone, 
producing a second slurry and vaporized diluent. The vaporized diluent 
produced in said flash chamber is condensed by heat exchange, without 
compression . 
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olefin comonomer different from the olefin monomer, 
diluent and catalyst are circulated in a continuous loop 

reactor and product slurry is recovered by means of a continuous 
product take off. The continuous product allows operating the reaction 
at significantly higher solids content in the 
circulating slurry. 
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A process/apparatus is disclosed for continuously separating a liquid 
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medium comprising diluent and unreacted monomers from a polymerization 

effluent comprising diluent, unreacted monomers and polymer solids, 
comprising a continuous discharge of the polymerization 
effluent from a slurry reactor through a discharge valve and 
transfer conduit into a first intermediate pressure flash tank with a 
conical bottom defined by substantially straight sides inclined at an 
angle to that of horizontal equal to or greater than the angle of slide 
of the slurry/polymer solids and an exit seal chamber of such diameter 
(d) and length (1) as to maintain a desired volume of concentrated 
polymer solids/slurry in the exit seal chamber such as to form a 
pressure seal while continuously discharging a plug flow of concentrated 
polymer solids/slurry bottom product of the first flash tank from the 
exit seal chamber through a seal chamber exit reducer with inclined 
sides defined by substantially straight sides inclined at an angle to 
that of horizontal equal to or greater than the angle of slide of the 
polymer solids which remain after removal of about 50 to 100% of the 
inert diluent therefrom to a second flash tank at a lower pressure. 
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A process/apparatus is disclosed for continuously separating a liquid 



medium comprising diluent and unreacted monomers from a 
polymerization effluent of a slurry loop 

reactor containing a flow of slurry therein, comprising a 

discharge conduit extending a distance into the loop 

reactor; the conduit having a longitudinal axis and an opening 

inside the loop reactor; at least a portion of the 

conduit being curved along its longitudinal axis inside the loop 

reactor; and the opening substantially facing the flow of the 

slurry, wherein the discharge conduit is located within a lower leg of 

the loop reactor such that a continuous discharge of 

the polymerization effluent from a slurry reactor 

through a discharge valve and transfer conduit into a first intermediate 
pressure flash tank wherein volatile inert diluent and unreacted 
monomers are removed and the polymer solids which remain after removal 
of about 50 to 100% of the inert diluent therefrom to a second flash 

tank at a lower pressure. 
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polymerization 

SUMM [0002] The present invention relates to the slurry 

polymerization of olefin monomers. More particularly, 

the present invention relates to improved techniques for continuously 
withdrawing a portion of the fluid slurry from a loop reaction zone and 
operating a loop reactor having a plurality of 
continuous take off. 



SUMM [0003] Polyolefins su 
prepared by particle 
also referred to as s 
technique, feed mater 
introduced to a loop 
polyolefin particles 
unreacted monomer) is 
portion of the fluid 
zone so that the soli 



ch as polyethylene and polypropylene may be 

form polymerization, 

lurry polymerization. In this 

ials such as diluent, monomer and catalyst are 
reaction zone, and a fluid slurry containing solid 
in a liquid medium (usually an inert diluent and/or 

circulated through the loop reaction zone. A 
slurry is withdrawn from or taken off the reaction 
d polyolefin particles can be recovered. 



SUMM [0004] In continuous 
materials may be int 
For example, the mon 
of diluent prior to 
may also be combined 
reaction zone. In th 
become dispersed in 
through the loop rea 
polymerization react 
polyolefin particles 



loop reactors, the various feed 
reduced to the loop reaction zone in various ways, 
omer and catalyst may be mixed with varying amounts 
introduction to the loop reaction zone. The monomer 

with recycled diluent and then fed to the loop 
e loop reaction zone, the monomer and catalyst 
the fluid slurry. As the fluid slurry circulates 
ction zone, the monomer reacts at the catalyst in a 
ion. The polymerization reaction yields solid 

in the fluid slurry. 
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SUMM [0005] Slurry polymerization in a loop reaction zone 
has proven commercially successful. The slurry 

polymerization technique has enjoyed international success with 
billions of pounds of olefin polymers being so produced 
annually. With this success has come the desirability, in some 
situations, of building larger reactors. Larger reactors lead to higher 
flow rates of fluid slurry. The flow rate inside a loop 
reactor can be as high as 1,000,000 gallons (3,785,410 liters) 
per minute or more. 



SUMM [0007] Flow restriction causes loss of flow through the take off valve 
and may cause more polymer particles to build up. This may cause the 
reactor pressure to increase, since it is usually controlled (at least 
partially) by how much the take off valve is opened. If the build up in 
polymer particles is quicker than the action of the control mechanism 
for controlling pressure by opening the take off valve, a plugged line 
and excessive reactor pressures may result. This may be especially 
severe for fused or atypical polymer chunks that can grow in the 
loop reactor and have a much larger dimension than the 

largest polymer particle size. Plugged reactor take off valves can lead 
to reactor over pressure, downtime, production loss, and in extreme 
situations, relief of reactor pressure by process safety relief valves. 

SUMM [0010] As another aspect, a loop reactor apparatus 
is provided. The loop reactor apparatus includes a 

plurality of major segments and a plurality of minor segments. Each of 
the major segments is connected at a first end to one of the minor 
segments, and is connected at a second end to another minor segment. As 
a result, the major segments and the minor segments form a continuous 

flow path adapted to convey a fluid slurry. The continuous flow path is 
substantially free from internal obstructions. The loop 
reactor also includes a means for introducing an olefin 

monomer and/or a liquid medium (for example, an inert diluent) into the 
continuous flow path, a means for introducing a polymerization catalyst 

into the continuous flow path, and at least two means for continuously 
taking off a portion of the fluid slurry from the continuous flow path. 
Alternatively, the loop reactor includes at least 

four means for continuously taking off a portion of the fluid slurry. 
Such a loop reactor may have a volume greater than 

30,000 gallons, alternatively greater than 35,000 gallons, alternatively 
greater than 40,000 gallons, alternatively greater than 45,000 gallons, 
alternatively greater than 50,000 gallons, alternatively greater than 
75,000 gallons, alternatively greater than 100,000 gallons. 

SUMM [0011] As yet another aspect, a loop reactor 

apparatus is provided. The loop reactor apparatus 

comprises a plurality of major legs and a plurality of minor segments. 
Each minor segment connects two of the major legs to each other, and by 
these connections, the legs and the segments comprise a continuous flow 
path. A monomer feed is attached to one of the legs or segments. At 
least one catalyst feed is attached to one of the legs or segments. A 
continuous take off is attached to one of the legs or segments. The 
continuous take off includes a slurry withdrawal line in fluid 
communication with the reactor, a take off valve disposed along the 
slurry withdrawal line for regulating flow of the slurry through the 
slurry withdrawal line, and a flush line fluidly connected to provide 
diluent to the slurry withdrawal line. 

SUMM [0012] In the foregoing loop reactor apparatus, at 

least two of the minor segments form continual curves. At least two of 
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the continual curves have one or more continuous take off mechanisms or 
means attached to them. The loop reactor apparatus 

may be essentially free of horizontal flow paths in that all the major 

legs are connected by continual curves. 

SUMM [0013] The apparatus may also include at least one spare continuous take 
off mechanism or means for continuously withdrawing product slurry. 
Preferably, the continuous take off mechanism or means comprises a 
V-ball valve having a nominal body size of at least 11/2 inch. The 
continuous take off valve may be automatically controlled by a 
controller, which adjusts the continuous take off valve in response to 
one or more input signals from pressure transmitters on the monomer feed 
to the loop reactor (or other means for introducing 
the olefin monomer to the loop reactor) . 

Additionally or alternatively, a pressure transmitter may be disposed on 
the slurry withdrawal line downstream of the continuous take off valve. 
The pressure transmitter may be operatively connected to provide a 
signal to the controller. One or all of the continuous take off 
mechanisms or means may be automatically controlled in such fashions. 

SUMM [0015] As yet another aspect, a continuous take off mechanism for a 
loop polymerization reactor is provided. The mechanism 
comprises a slurry withdrawal line in fluid communication with the 
reactor, a take off valve disposed along the slurry withdrawal line for 
regulating flow of the slurry through the slurry withdrawal line, a 
flush line fluidly connected to provide diluent to the slurry withdrawal 
line, and a controller. The controller is configured to receive an input 
signal from pressure transmitters disposed on a monomer feed and on the 
slurry withdrawal line downstream of the take off valve. The controller 
is also configured to send an output signal to adjust the take off 
valve . 

SUMM [0016] As yet another aspect, a process for starting a loop 
polymerization reactor is provided. The process comprises 
feeding ethylene to the reactor and feeding isobutane to the 
reactor. The mass ratio of ethylene to isobutane fed to the 
reactor is sufficiently low to avoid plugging of the continuous take off 
mechanism. 

SUMM [0017] As still another aspect, a process for operating a loop 
polymerization reactor is provided. The process includes 
feeding ethylene to the reactor, feeding isobutane to the 
reactor, feeding a polymerization catalyst to the reactor, circulating a 
fluid slurry comprising unreacted ethylene and solid 
polyethylene particles in the isobutane through the reactor, 
continuously withdrawing a portion of the fluid slurry through a 
plurality of continuous take off mechanisms, and continuously flushing 
isobutane through the slurry withdrawal line of an inactive continuous 
take off mechanism. In this manner, a "hot spare" or "hot standby" is 
provided for the reactor. 

DRWD [0018] FIGS. 1(a) and (b) show loop reactors and 

polymer recovery systems. 
DRWD [0022] FIG. 5 is a side view of an elbow of the loop 

reactor showing a continuous take off mechanism. 
DRWD [0024] FIG. 7 is a side view of an elbow of the loop 

reactor showing the placement of a plurality of continuous take 
off mechanisms. 

DRWD [0025] FIG. 8 is a cross section of a portion of a loop 
reactor and two continuous take off mechanisms. 
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DETD [0026] The present process and apparatus relate to continuous take off 
or withdrawal of a portion of the fluid slurry in a loop 
reactor. This facilitates operation of the loop 
reactor at a much higher solids concentration 

. In particular, the present process and apparatus relate especially to 
large loop reactors having continuous take off 

instead of settling legs. The present techniques facilitate reliable 
operation of such large reactors and reliable withdrawal of product. 
DETD [0027] The present process and apparatus are applicable to any 
olefin polymerization in a loop reactor that 

produces a slurry of solid polyolefin particles in a liquid medium. 
Suitable olefin monomers are 1-olefins having up to 

8 carbon atoms per molecule and no branching nearer the double bond than 
the 4-position. The present process and apparatus are particularly 

suitable for the homo polymerization of ethylene and the 
copolymerization of ethylene and a higher 1-olefin 

such as butene, 1-pentene, 1-hexene, 1-octene or 1-decene. Especially 
preferred is ethylene and 0.1 to 4 10 weight 

percent, preferably 0.01 to 5 weight percent, most preferably 
0.1 to 4 weight percent higher olefin based on the total 
weight of ethylene and comonomer . Alternatively sufficient 
comonomer can be used to give the above-described amounts of comonomer 
incorporation in the polymer. Such polymers are still referred to as 
polyethylene herein. 
DETD [0031] Additional details regarding loop reactor 

apparatus and polymerization processes may be found in U.S. Pat. Nos . 
4,674,290; 5,183,866; 5,565,174; 5,624,877; 6,005,061; 6,045,661; 
6,051,631; 6,114,501; and 6,420,497, which are also incorporated by 
reference herein. 

DETD [0032] Referring now to the drawings, FIG. 1(a) shows a loop 

reactor 10 having eight vertical segments 12, upper horizontal 
segments 14 and lower horizontal segments 16. The horizontal segments 
may be replaced by curved segments or continual curves so that the 
reactor contains essentially no horizontal flow paths, as shown in FIG. 
1(b). In FIG. 1(a), these upper and lower horizontal segments define 
upper and lower zones of horizontal flow. In FIG. 1(b), the upper and 
lower curved segments 14a and 16a take the places of the horizontal 
segments. The reactor is cooled by means of heat exchangers formed by 
pipe 12 and jacket 18. Each segment is connected to the next segment by 
a smooth bend or elbow 20 thus providing a continuous flow path 
substantially free from internal obstructions. The fluid slurry is 
circulated by means of an impeller driven by motor 24. Monomer (and 
comonomer, if any) and fresh diluent are introduced through lines 26 and 
28 respectively which can enter the reactor directly at one (as shown in 
FIG. 1(a)) or a plurality (as shown in FIG. 1(b)) of locations or can 
combine with recycled diluent line 30 as shown. In FIG. 1(b) the recycle 
diluent line splits to provide four feed points 30a, 30b, 30c, and 30d. 
During initial start-up of a loop reactor having one 

or more continuous take off mechanisms, it has been found desirable to 

increase the amount of recycled diluent fed to the reactor, with respect 
to the ethylene fed to the reactor. For example, a 1:1 mass 
flow ratio of ethylene and recycled isobutane during initial 
start-up has been found to reduce plugging of the continuous take off 
mechanism. Smaller mass flow ratios, for example, 4:5 or 2:3, may also 
be used. Catalyst is introduced via catalyst introduction means 32 which 
provides a zone (location) for catalyst introduction. 
DETD [0033] A continuous take off mechanism for withdrawing an intermediate 
product slurry is designated broadly by reference character 34. 
Continuous take off mechanism 34 is located in or adjacent to an end, 
preferably a downstream end, of one of the lower horizontal segments 16 
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or the lower curved segments 16a or adjacent or on a connecting elbow 
20. One advantage of the continuous take off mechanism 34 is that it can 

eliminate the need for horizontal segments. Settling legs typically were 
attached to horizontal segments. Using continuous take off mechanisms 
facilitates the use of preferable curved segments. The continuous take 
off mechanism 34 is shown at the downstream end of a lower horizontal 
segment of the loop reactor. The location can be in 

an area near the last point in the loop where flow turns upward before 
the catalyst introduction point so as to allow fresh catalyst the 
maximum possible time in the reactor before it first passes a take off 
point. It is presently preferred to locate a continuous take off at an 
upward flowing elbow (an elbow in which the fluid slurry turns upward to 
flow up a vertical segment) . However, the continuous take off mechanism 
can be attached to any segment, elbow or curve. 
DETD [0034] As described in U.S. Pat. No. 6,239,235, polymerization processes 
utilizing continuous take off instead of a traditional settling leg for 
slurry take off are favored for larger reactors. U.S. Pat. No. 6,239,235 
(which is incorporated herein by reference) discloses an olefin 
polymerization process wherein monomer, diluent and catalyst are 
circulated in a continuous loop reactor and slurry 

is withdrawn by use of a continuous take off mechanism. The process may 
be employed in loop reaction zones of greater than 30,000 gallons. Also, 
reactor polymer solids concentrations of greater 

than 40 weight percent, and preferably greater than 50 weight percent 
are discussed. 

DETD [0038] Vaporized diluent exits the high pressure flash chamber 38 

through conduit 42 for further processing which includes condensation by 
simple heat exchange using recycle condenser 50, and return to the 
loop reactor, without the necessity for compression, 
via recycle diluent line 30. Recycle condenser 50 can utilize any 
suitable heat exchange fluid known in the art under any conditions known 
in the art. However preferably a fluid at a temperature that can be 
economically provided is used. A desirable temperature range for this 
fluid is 40 degrees F. to 130 degrees F. Polymer particles are withdrawn 
from high pressure flash chamber 38 via line 44 for further processing 
using techniques known in the art. The polymer particles may be passed 
to low pressure flash chamber 46 (or directly to a purge zone) and 
thereafter recovered as polymer product via line 48. Separated diluent 
passes through compressor 47 to line 42. This high pressure flash design 
is broadly disclosed in U.S. Pat. No. 4,424,341, which is hereby 
incorporated by reference. 

DETD [0040] FIG. 2 shows a curved segment 16a with continuous take off 

mechanism 34 in more detail. The continuous take off mechanism typically 
at least includes a slurry withdrawal line in fluid communication with 
the reactor and a valve for controlling the flow of slurry through that 
line. The continuous take off mechanism shown in FIG. 2 comprises a take 
off cylinder 52 attached to the reactor with a flange 53, a slurry 
withdrawal line 54, an emergency shut off valve 55 (or block valve) , a 
proportional motor valve 58 (the CTO valve) to regulate flow and a flush 
line 60. The cylinder 52 need not extend into the reactor; indeed, 
extending a protrusion into a loop slurry reactor 

may result in polymer build-up around the protrusion. However, in some 
circumstances the cylinder may extend into the reactor. Diluent input is 
generally held constant, the proportional motor valve 58 being used to 

control the rate of continuous withdrawal to maintain the total reactor 
pressure within designated set points. A manual flash line may also be 
connected with the flash line downstream of the proportioned motor valve 
58. Diluent input may be adjusted based upon logic which calculates and 
controls the weight percent of solids in the reactor. 
DETD [0043] It has been found desirable to maintain at least one continuous 
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take off mechanism in inactive status by closing block valve 66 (or 
another downstream valve) rather than ram valve 62. A continuous take 
off is inactive if it is not being used to withdraw product slurry as 
part of the normal commercial production of the polyolefin. The flush 
line 70 and flush valve 72 may also be operated to automatically feed 
diluent to slurry withdrawal line 54 if a downstream valve or block 
valve is shut or plugged. By closing block valve 66 or other downstream 
valve but leaving ram valve 62 open, the continuous take off mechanism 
can be maintained as a "hot spare" or "hot standby" that may rapidly, 
essentially instantaneously, remotely, and/or automatically be put into 
use if needed. By maintaining a "hot spare"continuous take off 
mechanism, an additional continuous take off mechanism can rapidly 
(within 1 minute or less) be put into operation during certain 
situations and prevent high pressure in the reactor. The continuous take 
off mechanism can be maintained as a hot spare by continually flushing 
diluent through flush line 70 and flush valve 72 when the block valve 66 
is closed. Alternatively, a hot spare may have the block valve open and 
another downstream valve (for example, the proportional motor valve 58 
or the CTO valve 74) closed. In that case, the flush line 70 and flush 
valve 72 may be locate downstream of block valve 66. The flush line 70 
and flush valve 72 may also be operated to automatically feed diluent to 
slurry withdrawal line 54 if the continuous take off mechanism is shut 
or plugged. It is highly desirable to equip the loop 
reactor with at least one continuous take off mechanism to exist 
as a spare, in case the active continuous take off mechanism become 
plugged, which is a significant risk during operation. 
DETD [0045] In FIG. 4, an automatic control is shown in the form of a 

programmable controller 76, which adjusts the CTO valve 74 in response 
to one or more input signals. The input signals in FIG. 4 are from 
pressure transmitters 78 and 79 on feed lines 80 and 81 to the 
loop reactor. However, the input signal may be 

indicative of the pressure (or other parameter) in the reactor or in 
downstream equipment, such as the flash line or a flash chamber. 
DETD [0048] The continuous take off cylinders are smaller than the 

conventional settling legs. Yet three 2-inch ID continuous take off 
appendages can remove as much product slurry as 14 eight-inch ID 
settling legs. This is significant because with commercial loop 
reactors of 15,000-18,000 gallon capacity, 6 eight-inch settling 
legs are required. It is not desirable to increase the size of the 
settling legs because of the difficulty of making reliable valves for 
larger diameters. Reactors of 30,000 gallons or more benefit from the 
present process and apparatus. Generally the continuous take off 
cylinders will have a nominal internal diameter within the range of from 
about 1 inch to about 8 inches. Preferably they will be from about 2 to 
about 3 inches internal diameter. As the line extends from the reactor, 
the diameter may gradually increase or decrease to provide the desired 
effect on pressure and/or flow within the line. The line may gradually 
reduce in diameter leading to the CTO valve (and gradually increase in 
diameter after passing the CTO valve) in order to adapt to the size of 
the control valve, maintain a high slurry velocity and/or not provide 
sharp edges that can lead to polymer buildup. For example, a 2 inch line 
diameter may gradually taper to 1.5 inch diameter over 3 inches before 
the CTO valve 74, and then reverse-taper from 1.5 inch diameter to 2 
inch over a similar distance after the CTO valve 74. In FIG. 4, tapered 
conduits or swedges 86 and 88 are shown before and after the CTO valve 
74. Nonetheless, it is important to ensure there are no sudden 
enlargements or contractions of the lines' diameters, as that could lead 
to plugging. Preferably, the housing of the CTO valve is flanged for 
attachment to hollow appendages through which the withdrawn slurry 
flows. For the same reason, it is important to ensure smooth connections 
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between pipes and no misalignments between pipe connections. 

DETD [0051] FIG. 7 is a side view of an elbow of the loop 

reactor showing the placement of a plurality of continuous take 
off mechanisms. Four continuous take off mechanisms are shown, though 
only two are active; the other two continuous take off mechanisms are 
provided as options or spares. In FIG. 7, the continuous take off 34d 
and 34e are located at curve angles 30 degrees and 60 degrees on the 
downward flow leg (that is, the leg through which the fluid slurry is 
flowing downward), and the continuous take off 34f and 34g at 70 degrees 
and 40 degrees on the upward flow leg (that is, the leg through which 
the fluid slurry is flowing upward) . In general, ranges of 0-60 degrees 
on a downward flow leg and a range of 30-90 degrees, more preferably 
70-90 degrees, on an upward flow leg are preferred. 

DETD [0052] FIG. 8 shows a cross section of a horizontal segment of a 
loop reactor and two continuous take off mechanisms 
34b and 34c. These continuous take off mechanisms 34b and 34c are 
disposed along a horizontal segment of the loop 
reactor 10 and form angle gamma with the bottom edge of the 
horizontal segment. The angle gamma is greater than 0 degrees and less 
than or equal to 90 degrees. This arrangement is especially suitable for 
a horizontal loop reactor which does not have upward 

or downward flowing elbows. In other words, this arrangement is suitable 

for the horizontal loop reactor where the major 

segments and minor segments are all disposed in an essentially 

horizontal plane. The horizontal segments need not extend along a 
perfectly horizontal axis but rather may be substantially horizontal. 
For example, a horizontal segment may be positioned at a tilt or angle 
that is between 0 and 15 degrees from a true horizontal plane. 

DETD [0 054] It has been discovered that automatic and/or regular movement of 
the continuous take off valve is useful for reducing or avoiding 
instances of plugging in the valve. Regular movement of the continuous 
take off valve may attain a reduction in instances of continuous take 
off valve plugging. The short localized pressure pulse created by the 
movement of the continuous take off valve can reduce plugging by forcing 
accumulated polymer chunks or particles through the valve. However, the 
duration and magnitude of the pressure pulse is not so large as to 
significantly affect the average pressure of the loop 
reactor. By moving the continuous take off valve at regular 
intervals, regardless of the detection of plugging, the operator can 
clear the continuous take off valve, ensure regular production of 
polymer and avoid plugging problems before they occur. 

CLM What is claimed is: 

6. A process for operating a loop polymerization 

reactor, the process comprising: feeding at least one 

olefin monomer and diluent to the reactor; feeding a 

polymerization catalyst to the reactor; circulating a fluid slurry 

comprising unreacted ethylene and solid polyethylene particles 

in the diluent through the reactor; continuously withdrawing a portion 

of the fluid slurry through a plurality of active continuous take off; 

and continuously flushing diluent through an inactive continuous take 

off. 

CLM What is claimed is: 

10. A process for starting a loop polymerization 

reactor, the process comprising: feeding ethylene to 

the reactor; and feeding isobutane to the reactor; wherein the mass 
ratio of ethylene to isobutane fed to the reactor is 
sufficiently low to avoid plugging of a continuous take off. 



CLM What is claimed is: 
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14. A loop reactor apparatus comprising: a 

plurality of major segments; a plurality of minor segments, each minor 
segment connecting two of the major segments to each other, whereby the 
segments comprise a continuous flow path; at least one monomer feed 
fluidly attached to the continuous flovj path; at least one catalyst 
feed fluidly attached to the continuous flow path; and at least two 
active continuous take offs each attached to the continuous flow path, 
and each of the continuous take offs comprises: a slurry withdrawal 
line in open communication with the reactor; and a take off valve 
disposed along the slurry withdrawal line for regulating flow of the 
slurry through the slurry withdrawal line; at least one inactive 
continuous take off attached to the continuous flow path, the continuous 
take off comprising: a slurry withdrawal line in open communication 
with the reactor; and a take off valve disposed along the slurry 
withdrawal line for regulating flow of the slurry through the slurry 
withdrawal line. 



CLM What is claimed is: 

15. A loop reactor apparatus according to claim 14 

wherein the inactive continuous take off further comprises a flush line 
fluidly connected to provide diluent to the slurry withdrawal line. 

CLM What is claimed is: 

16. A loop reactor apparatus according to claim 14 

wherein the take off valves V-ball valves having a nominal body size of 
at least 11/2 inch. 



CLM What is claimed is: 

17. A loop reactor apparatus according to claim 16 

wherein the continuous take offs further comprise a block valve disposed 
along the slurry withdrawal line upstream of the V-ball valve and 
downstream of the continuous flow path. 



CLM What is claimed is: 

18. A loop reactor apparatus according to claim 14 

further comprising; a monomer pressure transmitter disposed on the 
monomer feed; and a controller that is configured to receive an input 
signal from the monomer pressure transmitter, and the controller is 
configured to send an output signal to adjust at least one of the 
continuous take offs. 



CLM What is claimed is: 

19. A loop reactor apparatus according to claim 18, 

further comprising: a pressure transmitter disposed on the slurry 

withdrawal line downstream of the take off valve and operatively 
connected to provide a signal to the controller; and wherein the take 
off valve is automatically controlled by the controller, which adjusts 
the take off valve in response to one or more input signals from the 
pressure transmitters on the monomer feed and the slurry withdrawal 
line . 



CLM What is claimed is: 

20. A loop reactor apparatus according to claim 14 

wherein the slurry withdrawal line narrows before the take off valve and 
widens after the slurry withdrawal line. 

CLM What is claimed is: 

21. A loop reactor apparatus according to claim 14 

wherein the continuous flow path has a volume of greater than 30,000 
gallons . 
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CLM What is claimed is: 

22. A loop reactor apparatus according to claim 14 

wherein the continuous flow path has a volume of greater than 35,000 
gallons . 

CLM What is claimed is: 

23. A loop reactor apparatus according to claim 14 

wherein at least two active continuous take offs and at least one 
inactive continuous take offs are disposed on one of the minor segments. 

CLM What is claimed is: 

24. A loop reactor apparatus according to claim 14 
comprising at least four of the continuous take offs. 

CLM What is claimed is: 

25. A loop reactor apparatus according to claim 14 

wherein the continuous flow path is essentially free of horizontal flow 
paths . 

CLM What is claimed is: 

26. A loop reactor apparatus according to claim 14 

wherein the minor segments are continual curves defining a portion of a 
circle, and the circle has a radius of at least 3 feet. 

CLM What is claimed is: 

27. A loop reactor apparatus according to claim 14 
wherein the major segments are substantially horizontal. 

CLM What is claimed is: 

28. A loop reactor apparatus according to claim 27 
wherein the minor segments are substantially horizontal. 

CLM What is claimed is: 

29. A loop reactor apparatus comprising: a pipe 
loop reactor adapted for conducting an olefin 
polymerization process comprising polymerizing at least one 
olefin monomer in a liquid diluent to produce a fluid slurry 
comprising solid olefin polymer particles in the liquid 
diluent, the pipe loop reactor having a volume of 

greater than 30,000 gallons; a plurality of elongated hollow appendages 
in direct fluid communication with the pipe loop 

reactor adapted for continuous removal of a portion of the fluid 
slurry from the pipe loop reactor; a feed for 

introducing an olefin monomer and diluent into the pipe 
loop reactor; a feed for introducing a polymerization 
catalyst into the pipe loop reactor; and a 

circulator for circulating the fluid slurry through the pipe 
loop reactor. 

CLM What is claimed is: 

30. A loop reactor apparatus according to claim 29, 

further comprising: a pressure transmitter in fluid communication with 
at least one of the elongated hollow appendages; and a controller that 

is configured to receive an input signal from the pressure transmitter 
and the controller is configured to send an output signal to adjust the 
flow of fluid slurry through the elongated hollow appendage. 



CLM 



What is claimed is: 

31. A loop reactor apparatus according to claim 29, 
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further comprising: a pressure transmitter in fluid communication with 
the olefin monomer feed; and a controller that is configured 
to receive an input signal from the pressure transmitter and the 
controller is configured to send an output signal to adjust the flow of 
fluid slurry through the elongated hollow appendage. 

CLM What is claimed is: 

32. A loop reactor apparatus according to claim 29 
comprising from four to twelve elongated hollow appendages. 

CLM What is claimed is: 

33. A loop reactor apparatus according to claim 29 
wherein the pipe loop reactor is essentially 

horizontal, and the elongated hollow appendages are attached to 
substantially horizontal segments of the pipe loop 
reactor . 



CLM What is claimed is: 

34. A loop reactor apparatus according to claim 29, 

further comprising at least one inactive elongated hollow appendage 
having a flush line connected, and the flush line is adapted to 
continuously flush diluent through the inactive elongated hollow 
appendage . 

CLM What is claimed is: 

35. A loop reactor apparatus according to claim 29, 

further comprising a controller for opening an inactive elongated hollow 
appendage when an active elongated hollow appendage is plugged. 

CLM What is claimed is: 

36. A continuous take off mechanism for a loop polymerization 
reactor, the mechanism comprising: (1) a slurry withdrawal line 

in fluid communication with the reactor; (2) a take off valve disposed 
along the slurry withdrawal line for regulating flow of the slurry 
through the slurry withdrawal line; (3) a flush line fluidly connected 
to provide diluent to the slurry withdrawal line; and (4) a controller 
configured to receive an input signal from at least one pressure 
transmitter disposed on a monomer feed, and the controller is configured 
to send an output signal to adjust the take off valve. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

TI Monitoring and control of slurry processes for 

polymerizing olefins 

AB Processes, methods and apparatus relating to olefin polymerization 

include the use of Raman spectrometry to monitor the concentration of 
reactants, products or other chemical components. One or more 
polymerizaton conditions are adjusted in response to those monitored 
concentrations. The present processes, methods and apparatus are 
applicable with slurry olefin polymerization 

process, even though such slurry processes contain solid particles were 
are known to interfere with Raman spectrometry. Furthermore, the present 
processes, methods and apparatus are applicable where there is some 
degree of overlap between Raman spectral peaks. Methods of monitoring 
and controlling olefin polymerization processes, reactants and other 
components use Raman spectrometry. Apparatus for olefin polymerization 
reactions have polymerization equipment, at least one Raman probe 
located in the polymerization equipment, and Raman spectrometry 
equipment located outside the polymerization equipment and operatively 
connected to at least one Raman probe. 
SUMM One type of polymerization process employs a slurry 
as the reaction mixture. In slurry polymerization 
processes, solid olefin polymers such as polypropylene, 

polyethylene and copolymers, are formed under polymerization conditions 

that include a slurry as the reaction mixture. The slurry comprises the 

solid olefin polymer particles suspended in a liquid diluent 

that is inert in the polymerization reaction and in which the polymer is 

insoluble under polymerization conditions. Typically, 

slurry polymerization processes are conducted in a 

relatively high-pressure continuous reactor, such as a 

loop reactor. Such reactors may be operated 

at pressures of about 600 psi, for example, and at temperatures of about 

60 degrees C. to about 100 degrees C. In many situations, slurry 
polymerization processes are relatively more commercially 
desirable than other polymerization processes. 

SUMM In the slurry polymerization process, components 

such as one or more monomers, a diluent, and a catalyst system and 
possibly other reactants (such as, for example, comonomers or hydrogen) 
are introduced to the polymerization reactor to form a reaction mixture. 
The reaction mixture is maintained under polymerization conditions for 
formation of polyolefin. After a suitable period, the slurry or a 
portion thereof is discharged from the reactor through a product 
take-off line into a settling leg. The solid polyolefin settles out from 
the slurry, leaving a clear liquid comprising diluent and reactants such 
as the monomer. The clear liquid and solid polyolefin then may then 
re-mix as they are transferred to one or more separation chambers or 
flash tanks where, for example, they are flashed to a low pressure such 
as about 15 or 20 psi. Some slurry loop polymerization 
equipment includes both a high pressure flash tank and a low pressure 
flash tank. Further information and details of slurry 
polymerization processes and loop reactors, 

including examples of suitable reaction conditions as well as control 
schemes for other important variables, such as solids 
concentration and production rate, can be found in U.S. Pat. No. 
3,998,995 and U.S. Pat. No. 3,257,363, which are incorporated herein by 
reference . 
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SUMM Current methods of monitoring slurry polymerization 

processes and the components (reactants, products, and diluent) in such 
processes are less than optimal for several reasons. In loop 
polymerization processes, monomer and co-monomer content have typically 
been determined by gas chromatography ("GC") analysis of the flash gas, 
that is, the gas released at one of the flash tanks where pressure is 
released. For example, U.S. Pat. No. 3,257,363 discloses methods of 
controlling the composition of the reaction mixture in a loop 
polymerization reactor wherein a gas chromatographic analyzer 
may be used to determine the amounts of ethylene and 1-butene 
reactants from a polymer-free off-gas line or with a sample stream from 
anywhere in the reaction system. 

SUMM Analyses of slurry olefin polymerization 

processes in situ, that is, within a slurry loop 
polymerization reactor or associated equipment, have 
been difficult if not impossible to do, since such olefin 
polymerization reactions are carried out at high pressures. However, 
spectrophotometric apparatus such as a spectrograph and a radiation 
source can be situated in a location remote from the polymerization 
reactor that is to be analyzed in situ, the sampling site being 
connected to the apparatus by radiation conduits comprising fiber optic 
cables . 

SUMM There are several factors that have favored the use of gas 

chromatography as an analytical method over Raman spectrometry with 
olefin polymerization processes. In general, it is recognized by those 
familiar with Raman spectrometry that the presence of solid particles in 
a solution to be analyzed will significantly reduce the Raman shift 
observed. In particular, slurry olefin polymerization 

processes include solid polyolefin particles in the slurry. Also, the 
reactants and products in olefin polymerization processes may have peaks 
in their respective Raman spectra that are relatively close together, 
such as when ethylene is employed as a monomer and hexene is employed as 
a co-monomer. For example, ethylene and hexene produce similar peaks in 
their Raman spectra. Ethylene exhibits a peak at 1620 cm. sup. -1 while 
hexene exhibits a peak at 1640 cm. sup. -1. As a result, it may be 
difficult to distinguish between ethylene and hexene, and there is 
likely to be some overlap in certain peaks. Thus, it would appear 
necessary to employ high resolution Raman spectrometry equipment to 
analyze the components of certain olefin polymerization processes. 
Furthermore, Raman spectrometry equipment, particularly high resolution 
Raman spectrometry equipment, is relatively expensive, which would 
generally discourage its use with industrial processes. Gas 
chromatography equipment has historically been less costly than high 
resolution Raman spectrometry equipment. Furthermore, gas chromatography 
sampling systems are well established. Also, gas chromatography 
equipment tends to provide information that is more readily usable, 
whereas Raman spectrometry equipment tends to produce information that 
requires additional analysis. Engineers and operators tend to prefer 
equipment that provides a relatively simple reading rather than a 
spectrum. 

SUMM A process for olefin polymerization in a slurry 

comprising solid polyolefin and a diluent is provided. The process 
comprises the steps of contacting in a reaction mixture under 
slurry polymerization conditions: (i) at least one 

reactant including at least one olefin monomer and optionally at least 
one comonomer and optionally hydrogen and (ii) a heterogeneous catalyst 
system comprising one or more catalytic metal compounds and one or more 
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co-catalysts; (b) making a polyolefin; and (c) monitoring the process by 
using Raman spectrometry equipment to provide an output signal 
representative of one or more of reactants or the polyolefin; and (c). 
The output signal is generally representative of a concentration of 
either one of the reactants or the products, though the signal that 
comes directly from the Raman probe will be converted to a concentration 
value as described herein to provide the output signal. 

SUMM The monitoring may be done using Raman spectrometry equipment to analyze 
effluent, such as the effluent from a loop polymerization 
reactor . 

SUMM As yet another aspect, an apparatus for olefin polymerization is 

provided. The apparatus comprises polymerization equipment comprising a 

polymerization reactor for slurry 

polymerization of one or more olefins, wherein the slurry 
comprises solid polymer particles and a diluent; at least one inlet to 
the reactor for providing chemical components of the polymerization; at 
least one outlet from the reactor for removing product from the 
polymerization reactor; at least one Raman probe located in the 
polymerization equipment, where the Raman probe provides an output 
signal; Raman spectrometry equipment located outside the polymerization 
equipment and operatively connected to at least one Raman probe. 

DRWD FIG. 1 is a diagram of a loop polymerization reactor 

comprising Raman spectrometry equipment for monitoring a slurry 
olefin polymerization process. 

DETD Some embodiments described herein are described in the terms of the 
polymerization of ethylene. However, the present processes and 
apparatus may be employed with any process where it is desired to 
monitor and control polymerization of an olefin. It is 
particularly applicable to the operation of loop 
reactors which produce polyethylene or polypropylene under 
slurry polymerization conditions. 

Polymerization conditions generally include the concentration of 
reactants, products and other chemical components, temperature, 
pressure, withdrawal rate from the reactor, and circulation rate within 
the reactor 

DETD Preferably, a Raman fiber optic probe is employed in the present 

processes, methods and apparatus. Suitable probes include the 
InPhotonics RP-785-01-05-SMA probe and the InPhotonics RP-785-lOO-OlSMA 
probe. The InPhotonics probe is preferred for analysis where there are 
solids present such as in the slurry olefin 

polymerization reactor. It has been found that other Raman fiber 

optic probes are not presently operable in a slurry olefin 
polymerization reactor. Another supplier of Raman fiber optic 
probes is Kaiser Optical Systems, Inc., which is similar to the 
InPhotonics probe in good performance in rejecting back scattering 
radiation. In general, a suitable Raman fiber optic probe may be 
constructed by soldering metal coated, fused silica fiber optic cables 
into a protective metal sheath. This probe design provides a simple, 
reliable method of optically sampling and remotely monitoring a chemical 
composition in a harsh physical environment of a manufacturing process. 
It may be advisable to position optical filters near the sample to 
remove background-inducing radiation caused by the fused silica core of 
the fiber optic cable. 
DETD Referring to FIG. 1, there is illustrated a loop 

polymerization reactor 11 and associated equipment for the 
polymerization process. This loop polymerization 
reactor provides a continuous path of circulation of the 



S/N 10/572817 



reaction slurry or reaction mixture. In this embodiment, the 
loop reactor 11 is jacketed by heat exchange sections 

12 which are connected by line 13 and contain a heat exchange medium 
supplied by line 14 and removed by line 15 for maintaining the 
loop reactor 11 at a desirable temperature. The 

reactor 11 is provided with suitable agitation or circulating equipment, 
such as a propeller or stirrer 18 driven by a motor 17. In this type of 
reactor, the reaction mixture is circulated through the reactor at a 
velocity that provides highly turbulent flow, for example, about 21 
feet/second. The reaction effluent from the reactor 11 is withdrawn 
through a product take-off line 19 and passed to a settling leg 24 which 
can be a drain or vertical leg. In preferred embodiments, the reaction 
effluent is a slurry made up of polyethylene, unreacted ethylene 
, unreacted comonomer, and isobutane, and the catalyst is generally 
contained in the polyethylene. A suitable apparatus for controlling the 
removal of polymerization reaction effluent is disclosed in U.S. Pat. 
No. 5,565,174, which is incorporated herein by reference. The withdrawal 
of effluent is regulated by suitable equipment, such as a flow rate 
control valve 21, pressure regulator controller 22, and pressure sensor 
and transmitter 23, such withdrawal equipment being dependent upon 
reactor pressure. 

DETD A catalyst system, such as chromium oxide on silica or a silica-titanium 
catalyst, is provided from conduit 58 and introduced to reactor 11 after 
mixing with some diluent from line 59 in catalyst tank 57. Any catalyst 
system suitable for polymerizing olefin may be employed with the present 
processes and apparatus. In slurry polymerization 

processes, it is particularly preferred to employ heterogeneous catalyst 
systems comprising one or more catalytic metal compounds, and 
co-catalysts such as an alkylaluminum or aluminoxane, perhaps with a 

support material such as silica. In FIG. 1, the catalyst flow rate is 
regulated by flow control apparatus such as a suitable rotary valve 61 
driven by a motor 62, which is controlled by speed rate controller 63. 
The concentration of catalyst in the reaction mixture can vary widely, 
particularly depending on the type of catalyst used, however, it will 
generally comprise 0.001 to 5 percent by weight based on the liquid 
hydrocarbon diluent. The catalyst injection rate can be controlled by 
means of a heat balance computer or other means to maintain a constant 
rate of polymer production. 
DETD The polymerization reaction, or one or more its components or 

conditions, may be monitored. The monitoring equipment shown in FIG. 1 
includes a Raman probe 66, which for clarity is shown as a box 
surrounding the loop reactor 11 but which is 

typically disposed mostly or entirely within the reactor 11. The Raman 
probe 66 provides an output signal which is representative of the Raman 

spectrum of the chemical components in reactor 11 or some portion of 
those components. The output signal from Raman probe 66 is provided to 
an analyzer 68 which in turn provides a signal to computer 67. 
Information transmittal paths and signal paths are shown in FIG. 1 by 
dashed lines. The physical form of those paths may vary. In computer 67, 
the Raman spectrum is monitored, and the polymerization process may be 
controlled manually or automatically in response to the spectrum. For 
example, computer 67 may send a signal (represented in FIG. 1 by dashed 
lines) to one or more of controllers 60, 65, 75 to adjust the amounts of 
reactants or diluent added to the loop reactor or 

the amount of material withdrawn. Alternatively, computer 67 may send a 
signal to one or more of motor 17 (to adjust the circulation of reaction 
mixture), pressure regulator controller 22 (to control the withdrawal of 
product), or valve 61 (to control the amount of catalyst provided to 
reactor 11) . 

DETD In an example of the development of a calibration model, a Raman Systems 
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R-2001C spectrometer was placed in a polyethylene pilot plant control 
room, and an InPhotonics RP-785-lOO-Ol-SMA probe was placed about 100 

feet away in the settling leg product take-off line of a polyethylene 

reactor. A process gas chromatograph measured the concentrations 

of ethylene, hexene and isobutane in the reactor flash gas. 

The spectra from the Raman Systems R-2001C unit and the GC analyzer data 

were entered into the Grams/32 PLS-1 model to build the calibration 

model . 

DETD By use of this model, we were able to predict ethylene and 
hexene concentrations within 11% of the GC analyzer value, 
which is an acceptable error range. With this level of accuracy, it is 
possible to effectively monitor the concentration of 
ethylene and hexene in the liquid phase of the reactor. 

DETD In the present methods and apparatus, there are two aspects with respect 
to the placement of the Raman probe. In one aspect, the Raman probe is 
placed in the reactor such that it analyzes the slurry having a 
concentration of solid polymer in a liquid containing diluent and 
reactants. The slurry may typically comprise 50 weight percent solids. 
The Raman probe is exposed to and measures polymer, diluent and 
reactants. It has been observed that the polyolefin particles tend to 
diffract or scatter the emitted light such that it is not observed by 
the Raman probe. As a result, the presence of polyolefin particles may 
lower the signal intensity to about one-tenth of what it would be in a 
clear liquid. One problem with Raman spectrometry in a slurry is that a 
substantial amount of scattered light does not come back to the 
detector. One response to this problem has been to place the Raman probe 
in the product removal area of the slurry loop 
polymerization process. 

DETD It has been found that monitoring in the settling leg using Raman 

spectrometry is better and quicker than monitoring at the flash tanks 
using gas chromatography. The flash chamber is downstream from the 
settling leg, and in the dual-stage flash system frequently used with 
loop reactors operating at pressures of about 600 psi, 

the reaction mixture is dropped from about 600 psi to about 300 psi in 

the first flash chamber and then down to 15 psi in the second flash 
chamber. The gas chromatograph in the first flash chamber takes about 
six minutes for its analysis and the gas chromatograph in the low 
pressure flash chamber takes about six minutes for its analysis. One 
must add those two times together, and so it takes 12 to about 15 
minutes to complete the entire gas chromatographic analysis of the flash 
gas. Further, it is disadvantageous to employ two numbers which are 
obtained at two different pressures (for example, 300 psi and 15 psi) 
and it may lead to some errors in the gas chromatographic method. In 
contrast, Raman analysis of the clear liquid in the product take-off 
line is a few seconds away from the reactor, and an analysis may be 
obtained more quickly. 

DETD Furthermore, it may be advantageous to develop a calibration model for 
Raman spectrometry equipment to be used in a slurry olefin 
polymerization process by calibrating in a 1-hexene process. For 
example, the Raman probe may be placed in the sampling line for the gas 
chromatograph system of a 1-hexene process. Then, data from the Raman 
system and the gas chromatograph system are obtained for the same 
liquid. Those data may be used to correlate the Raman spectra to 
concentrations determined by the gas chromatograph and develop a 
calibration model. 

DETD However, in a slurry polymerization process, the 

Raman probe may also be placed in the reactor where it is in contact 
with the slurry. It has been observed that there may be about a ten-fold 
reduction in signal, but some of the newer probes, such as from 
InPhotonics, are capable of detecting the lower levels of scattered 
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light from the slurry. 
CLM What is claimed is: 

I. A process for olefin polymerization in a slurry 

comprising solid polyolefin and a diluent, said process comprising the 
steps of: (a) contacting in a reaction mixture under slurry 
polymerization conditions: (i) at least one reactant comprising 
at least one olefin monomer and optionally at least one comonomer and 
optionally hydrogen; (ii) a heterogeneous catalyst system comprising one 
or more catalytic metal compounds and one or more co-catalysts; (b) 
making a polyolefin; and (c) monitoring the process by using Raman 
spectrometry equipment to provide an output signal representative of one 
or more of said reactants or said polyolefin; and (d) adjusting the 
olefin polymerization process in response to the output signal provided 
by the Raman spectrometry equipment by adjusting one or more 
polymerization conditions selected from the group consisting of 
polymerization temperature, polymerization pressure, withdrawal of said 
reaction mixture from said reactor, and circulation rate of said mixture 
within said reactor. 

CLM What is claimed is: 

10. A process for olefin polymerization in a slurry 

comprising solid polyolefin and a diluent, said process comprising the 
steps of: (a) contacting in a reaction mixture under slurry 
polymerization conditions within a loop polymerization 
reactor: (i) at least one reactant comprising at least one 
olefin monomer and optionally at least one comonomer and optionally 
hydrogen; (ii) a heterogeneous catalyst system comprising one or more 
catalytic metal compounds and one or more cocatalysts; (b) making a 
polyolefin; and (c) monitoring the process by using Raman spectrometry 
equipment by analyzing effluent from said loop polymerization 
reactor to provide an output signal representative of one or 
more of said reactants or said polyolefin. 

CLM What is claimed is: 

II. A process for olefin polymerization in a slurry 

comprising solid polyolefin and a diluent, the process comprising the 
steps of: (a) contacting in a reaction mixture under slurry 
polymerization conditions: (i) at least one reactant comprising 
at least one olefin monomer and optionally at least one comonomer and 
optionally hydrogen; (ii) a heterogeneous catalyst system comprising one 
or more catalytic metal compounds and one or more cocatalysts; (b) 
making a polyolefin; (c) monitoring the process by using Raman 
spectrometry equipment to provide an output signal representative of one 
or more of said reactants or the polyolefin; and (d) adjusting the 
olefin polymerization process in response to the output signal provided 
by the Raman spectrometry equipment; wherein the olefin polymerization 
process is performed in two or more reactors connected in series, 
wherein effluent from an upstream reactor is provided as input to a 
downstream reactor, wherein the monitoring step comprises determining a 
concentration of the monomer in the effluent by Raman spectrometry 
equipment, and the adjusting step comprises providing an amount of 
monomer or comonomer in addition to the effluent to the downstream 
reactor . 
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DRWD 



reactor 

An apparatus and method for continuously removing polymer from a 
pressurized loop olefin polymerization 

reactor containing a slurry of polymer particles and 

fluids. The slurry is continuously discharged from polymer-rich zones of 
the reactor and enters one or a series of non-cyclonic flash vessels, in 
which the particles separate from the fluid. The flash vessel has a 
conical bottom in which a minimum level of polymer is maintained for a 

dynamic seal between the inlet and outlet. 

U.S. Pat. No. 3,242,150 to Scoggin teaches a conventional means for 
removing solid polymer from a vertical loop slurry 
reactor. Solid polymer accumulates in a small-diameter tube or 
settling leg extending from the lower side of the loop 

reactor. The polymer then exits through a valve which 

periodically opens fully and closes. Scoggin also discloses a two-valve 
arrangement by which a bottom valve is closed and an upper valve opens 
to trap polymer product therein, then the upper valve is closed and the 
bottom valve opens to allow the polymer to escape toward the product 
recovery zone. 

In one aspect the invention relates to a method of continuously removing 
polymer from a pressurized loop polymerization 
reactor containing a slurry of polymer particles and 

liquids, and an apparatus suitable for this method. A slurry of polymer 
particles is continuously conveyed from polymer-rich zones of the 
reactor through a discharge means and a transfer line. The slurry enters 
a non-cyclonic flash vessel maintained at a lower pressure, whereupon 
the particles separate and settle to the bottom of the flash vessel. In 
one embodiment, more than one flash vessel is employed. The flash vessel 
has vertical sidewalls and a conical bottom in which a minimum level of 
polymer is maintained for a dynamic seal. 

FIG. 1 briefly shows an embodiment which describes a loop 

reactor containing polyethylene in a hydrocarbon diluent kept in 
constant circulation by pump with desired amount of polymer which is 
continuously withdrawn via a discharge port through a line to a flash 
vessel . 

FIG. 2 shows a cross-sectional view of the reactor 
loop and one embodiment of an apparatus . 
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DETD The present invention relates to an improved apparatus and method for 
separating and removing liquid from the solid polymer product in a 

slurry exiting an olefin polymerization reactor. Those 

skilled in the art will recognize, however, that the invention applies 
to different polymerization systems involving monomers, comonomers, 
diluents, reactor types and process conditions other than those 
specifically exemplified below. 
DETD The invention is especially applicable to slurry loop 

polymerization systems, typically an endless loop of pipe. One 
example is a vertical loop reactor such as that used 

in the Phillips high density polyethylene process. A second example is a 
horizontal loop reactor such as the so-called 

"Petro" reactors developed and originally licensed by National Petro 
Chemicals . 

DETD Slurry loop reactors operate at high temperatures 

and elevated pressures typically greater than 400 psia, often greater 
than 600 psi. Particular conditions are chosen based on the diluent and 
the reactants. 

DETD Continuous, rather than batch, withdrawal of polymer can be 

advantageously applied to many types of polymerization reactors, 
including vertical and horizontal slurry loop reactors 

DETD In horizontal loop reactors such as Petro reactors 

the location of the polymer withdrawal system in the loop has not 
heretofore been seen as critical. Polymer slurry containing, for 
example, about 30 weight percent solids could be withdrawn from any 
convenient point along the reactor loop then sent to 
a hydrocyclone to be separated into a solids-rich portion (about 40% 
solids) and a solids-lean portion (about 20% solids) . The solids-rich 
portion would be conveyed to a flash vessel while the solids-lean 
portion would be returned to the reactor. However, the ability of a 
hydrocyclone to process a higher weight percent solids stream without 
blockages was seen as a limitation to substantially increasing the 
solids concentration in the effluent stream from the 
reactor. This also had the effect of limiting operation at higher 
solids concentration in the reactor. 

DETD We have noted that the slurry circulating within a horizontal 
loop reactor is not uniform. A significant 
differential in the concentration of polymer solids 

exists or can be created between certain locations, and efficiencies can 
be achieved by particular placement of the polymer discharge means. 

DETD Although a horizontal loop reactor is oriented 

substantially in the horizontal plane it is typically tilted by less 
than ten degrees, preferably less than five degrees; more preferably 
about one to two degrees. This tilt provides a high point where gases 
can accumulate and be withdrawn during the reactor filling step. We have 
discovered additional benefits by locating the polymer discharge means 
at or near the lowest point of the reactor. 

DETD With reference to FIG. 1, a loop reactor 101 

contains polyethylene in a hydrocarbon diluent kept in constant 
circulation by pump 103, Fresh feed, typically monomer, co-monomer, 
catalyst and additional diluent, enter the reactor via multiple lines 
which are represented here by line 107. A desired amount of the polymer 
is continuously withdrawn via discharge port 108 through line 109 to 
flash vessel 121. The amount withdrawn is dependent upon the reactor 
conditions and the polymer production rate. In a preferred control 
scheme, the fresh monomer is added to the reactor at a constant rate, 
and flow through the discharge means is controlled by a valve 112 in 
response to reactor pressure. Thus the rate of polymer discharge may 
vary, but it is continuous rather than intermittent or cycling. 
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DETD In a preferred embodiment, a stream of polymer slurry at a concentration 
of 30-50 % or more solids is continuously discharged from the 
loop reactor into a high pressure flash vessel where 
it is flashed from an operating pressure between 635 to 675 psia, 
preferably about 655 psia (about 640 psig) to near 20-25 psia (about 
5-10 psig) . The physical location of the reactor discharge nozzle is at 
the bottom of the pipe (6 o'clock position) and upstream of the suction 
of the reactor circulating pump. 

DETD FIG. 2 shows a cross-sectional view of the reactor 

loop 101 and one embodiment of an apparatus at port 108 to allow 
continuous withdrawal of a predetermined amount of polymer slurry from 
the reactor. During start-up of the reactor and normal operation of the 
reactor, valve 112 permits flow of slurry through line 116. Valve 112 is 
adjustable and automatically controls reactor set pressure. For example, 
as fresh feed is added to the reactor, valve 112 opens to increase the 
discharge and thus maintain constant pressure. 

DETD Continuous withdrawal has certain advantages. Plugging is minimized as 
the flow of polymer does not stagnate even though polymerization may 
continue in this line. Continuous withdrawal also allows the reactor to 
be maintained at a steady state pressure without the fluctuations seen 
with cycling discharge systems, which can cause the reactor pressure to 
vary by at least 10 and often 20 psig or more. Product quality can 
improve from more stable process conditions and a more constant 
concentration of reactants, as the ethylene flowrate 
to the reactor remains nearly constant. 

DETD This example illustrates one aspect of the invention incorporating a 
specific reactor discharge nozzle on a horizontal loop "Petro" 
reactor used for ethylene polymerization in an 
isobutane diluent. 

CLM What is claimed is: 

1. A method of continuously obtaining polymer product from an 
olefin polymerization reactor comprising an endless 

loop of pipe, the method comprising: circulating within the loop 
a slurry of polymer particles and liquids while maintaining the reactor 
at a first pressure above 400 psia; continuously conveying an amount of 
the polymer particles from the reactor first through a discharge means 
located below a horizontal midline of a cross-section of the reactor 
pipe and then through a transfer line; and receiving the polymer 
particles at the inlet of a non-cyclonic primary flash vessel having 
vertical sidewalls and a conical bottom and maintained at a second 
pressure less than 25 psia, whereupon the particles settle to the bottom 
of the flash vessel. 

CLM What is claimed is: 

2. The method of claim 1 in which the reactor is a horizontal 

loop reactor. 

CLM What is claimed is: 

8. The method of claim 7 in which the reactor is a horizontal 
loop reactor. 

CLM What is claimed is: 

9 . The method of claim 7 in which the reactor is a vertical 
loop reactor. 



CLM What is claimed is: 

12. The method of claim 1 in which the reactor is a vertical 
loop reactor. 



CLM 



What is claimed is: 
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18. A method of continuously obtaining polymer product from an 
olefin polymerization reactor comprising an endless 
loop of pipe, the method comprising: circulating within the loop 
a slurry of polymer particles and liquids while maintaining the reactor 
at a first pressure above 400 psia; continuously conveying an amount of 
the polymer particles from the reactor first through a discharge means 
located below a horizontal midline of a cross-section of the reactor 
pipe and then through a transfer line; receiving the polymer particles 
at the inlet of a non-cyclonic primary flash vessel having vertical 
sidewalls and a conical bottom and maintained at a second pressure less 
than 25 psia, whereupon the particles settle to the bottom of the flash 
vessel; and including the additional step, before the polymer particles 
enter the primary flash vessel, of receiving the polymer particles at 
the inlet of an intermediate non-cyclonic flash vessel with an upper 
section having vertical sidewalls and the inlet being tangential to the 
sidewall, a conical bottom with an outlet therein, and operated at a 
third pressure intermediate between the first and second pressures. 

CLM What is claimed is: 

20. A method of continuously obtaining polymer product from an 
olefin polymerization reactor comprising an endless 
loop of pipe, the method comprising: circulating within the loop 
a slurry of polymer particles and liquids while maintaining the reactor 
at a first pressure above 400 psia; continuously conveying an amount of 
the polymer particles from the reactor first through a discharge means 
located below a horizontal midline of a cross-section of the reactor 
pipe and then through a transfer line; receiving the polymer particles 
at the inlet of a non-cyclonic primary flash vessel having vertical 
sidewalls and a conical bottom and maintained at a second pressure less 
than 25 psia, whereupon the particles settle to the bottom of the flash 
vessel; removing a portion of the polymer particles via an outlet at the 
bottom of the flash vessel while retaining an amount of particles 
sufficient to maintain a dynamic seal between the inlet and the outlet 
of the vessel and maintaining a level which fills the conical bottom of 
the vessel. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

TI Pumped high solids slurry polymerization 

AB An olefin polymerization process wherein monomer, diluent and 

catalyst are circulated in a continuous loop reactor 

and product slurry is recovered by means of a continuous product take 
off. The continuous product allows operating the reaction at 
significantly higher solids content in the 
circulating slurry. Also an olefin 

polymerization process operating at higher reactor solids by 
virtue of more aggressive circulation. The fluid slurry is circulated in 
the loop reaction zone with a pump providing a pressure differential of 
at least 18 psi. 

SUMM [0002] Addition polymerizations are frequently carried out in a liquid 

which is a solvent for the resulting polymer. When high density (linear) 
ethylene polymers first became commercially available in the 
1950 's this was the method used. It was soon discovered that a more 
efficient way to produce such polymers was to carry out the 
polymerization under slurry conditions. More 

specifically, the polymerization technique of choice became continuous 
slurry polymerization in a pipe loop 

reactor with the product being taken off by means of settling 

legs which operated on a batch principle to recover product. This 

technique has enjoyed international success with billions of pounds of 

ethylene polymers being so produced annually. With this success 

has come the desirability of building a smaller number of large reactors 

as opposed to a larger number of small reactors for a given plant 

capacity . 

SUMM [0003] Settling legs, however, do present two problems. First, they 

represent the imposition of a "batch" technique onto a basic continuous 
process. Each time a settling leg reaches the stage where it "dumps" or 
"fires" accumulated polymer slurry it causes an interference with the 
flow of slurry in the loop reactor upstream and the 
recovery system downstream. Also the valve mechanism essential to 
periodically seal off the settling legs from the reactor upstream and 
the recovery system downstream requires frequent maintenance due to the 
difficulty in maintaining a tight seal with the large diameter valves 
needed for sealing the legs. 

SUMM [0005] In spite of these limitations, settling legs have continued to be 

employed where olefin polymers are formed as a slurry in a liquid 
diluent. This is because, unlike bulk slurry 

polymerizations (i.e. where the monomer is the diluent) where 
solids concentrations of better than 60 percent are routinely obtained, 
olefin polymer slurries in a diluent are generally limited to no more 
than 37 to 40 weight percent solids. Hence settling legs have been 
believed to be necessary to give a final slurry product at the exit to 
the settling legs of greater than 37-40 percent. This is because, as the 
name implies, settling occurs in the legs to thus increase the solids 
concentration of the slurry finally recovered as product slurry. 
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SUMM [0008] It is a further object of this invention to operate a 
slurry olefin polymerization process in a diluent at a 
reactor solids concentration high enough to make direct continuous 

product takeoff commercially viable; 

SUMM [0009] It is a further object of this invention to operate a 
slurry olefin polymerization process in a diluent at 
higher circulation velocities. 

SUMM [0010] It is yet a further object of this invention to operate a 
slurry olefin polymerization process in a diluent in a 
reaction zone of greater than 30,000 gallons; and 

SUMM [0011] It is still yet a further object of this invention to provide a 
loop reactor apparatus having a capacity of greater 
than 30,000 gallons and having a continuous take off means. 

SUMM [0013] In accordance with another aspect of this invention, a 
loop reactor olefin polymerization process 

is carried out by operating at a higher circulation velocity for a given 
reactor pipe diameter. 

DRWD [0016] FIG. 1 is a schematic perspective view of a loop 

reactor and polymer recovery system; 
DRWD [0020] FIG. 5 is a side view of an elbow of the loop 

reactor showing both a settling let and continuous take off 

assemblies ; 

DETD [0026] Surprisingly, it has been found that continuous take off of 
product slurry in an olefin polymerization 

reaction carried out in a loop reactor in the 

presence of an inert diluent allows operation of the reactor at a much 
higher solids concentration. Commercial production 
of predominantly ethylene polymers in isobutane diluent has 
generally been limited to a maximum solids 

concentration in the reactor of 37-40 weight percent. However, 

the continuous take off has been found to allow significant increases in 

solids concentration. Furthermore, the continuous take 

off itself brings about some additional increase in solids 

content as compared with the content in the reactor from which 

it takes off product because of the placement of the continuous take off 

appendage which selectively removes a slurry from a stratum where the 

solids are more concentrated. Hence concentrations of 

greater than 40 weight percent are possible in accordance with this 

invention . 

DETD [0030] The present invention is applicable to any olefin 
polymerization in a loop reactor utilizing a diluent 
so as to produce a product slurry of polymer and diluent. Suitable 
olefin monomers are 1-olefins having up to 8 carbon 
atoms per molecule and no branching nearer the double bond than the 
4-position. The invention is particularly suitable for the 
homopolymerization of ethylene and the copolymerization of 
ethylene and a higher 1-olefin such as butene, 

1-pentene, 1-hexene, 1-octene or 1-decene. Especially preferred is 
ethylene and 0.01 to 10, preferably 0.01 to 5, most preferably 
0.1 to 4 weight percent higher olefin based on the total 
weight of ethylene and comonomer. Alternatively sufficient 
comonomer can be used to give the above-described amounts of comonomer 
incorporation in the polymer. 
DETD [0033] Referring now to the drawings, there is shown in FIG. 1 a 
loop reactor 10 having vertical segments 12, upper 
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horizontal segments 14 and lower horizontal segments 16. These upper and 
lower horizontal segments define upper and lower zones of horizontal 
flow. The reactor is cooled my means of two pipe heat exchangers formed 
by pipe 12 and jacket 18. Each segment is connected to the next segment 
by a smooth bend or elbow 20 thus providing a continuous flow path 
substantially free from internal obstructions. The polymerization 
mixture is circulated by means of impeller 22 (shown in FIG. 8) driven 
by motor 24. Monomer, comonomer, if any, and make up diluent are 
introduced via lines 26 and 28 respectively which can enter the reactor 
directly at one or a plurality of locations or can combine with 
condensed diluent recycle line 30 as shown. Catalyst is introduced via 
catalyst introduction means 32 which provides a zone (location) for 
catalyst introduction. The elongated hollow appendage for continuously 
taking off an intermediate product slurry is designated broadly by 
reference character 34. Continuous take off mechanism 34 is located in 
or adjacent to a downstream end of one of the lower horizontal 
reactor loop sections 16 and adjacent or on a 
connecting elbow 20. 
DETD [0034] The continuous take off appendage is shown at the downstream end 
of a lower horizontal segment of the loop reactor 

which is the preferred location. The location can be in an area near the 
last point in the loop where flow turns upward before the catalyst 
introduction point so as to allow fresh catalyst the maximum possible 
time in the reactor before it first passes a take off point. However, 
the continuous take off appendage can be located on any segment or any 
elbow . 

DETD [0041] As can be seen from the relative sizes, the continuous take off 
cylinders are much smaller than the conventional settling legs. Yet 
three 2-inch ID continuous take off appendages can remove as much 

product slurry as 14 8-inch ID settling legs. This is significant 
because with current large commercial loop reactors 
of 15,000-18000 gallon capacity, six eight inch settling legs are 
required. It is not desirable to increase the size of the settling legs 
because of the difficulty of making reliable valves for larger 
diameters. As noted previously, doubling the diameter of the pipe 
increases the volume four-fold and there simply in not enough room for 
four times as many settling legs to be easily positioned. Hence the 
invention makes feasible the operation of larger, more efficient 
reactors. Reactors of 30,000 gallons or greater are made possible by 
this invention. Generally the continuous take off cylinders will have a 
nominal internal diameter within the range of 1 inch to less than 8 
inches. Preferably they will be about 2-3 inches internal diameter. 
DETD [0048] Commercial pumps for utilities such as circulating the reactants 
in a closed loop reactor are routinely tested by 

their manufacturers and the necessary pressures to avoid cavitation are 
easily and routinely determined. 
DETD [0049] A four vertical leg polymerization reactor using a 26 inch 

Lawrence Pumps Inc. pump impeller D51795/81-281 in a M51879/FAB casing 
was used to polymerize ethylene and hexene-1. This pump was compared 
with a 24 inch pump which gave less aggressive circulation (0.66 ft of 
pressure drop vs 0.98) . This was then compared with the same more 
aggressive circulation and a continuous take off assembly of the type 
shown by reference character 34 of FIG. 5. The results are shown below. 
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Description 24 in Pump 26 in Pump CTO 
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Avg. Reactor 39 45 53 

Solids 

Concentration, 

wt % 

Polymer Produc- 40.1 40.7 39.9 

tion Rate, mlbs/hr 

Reactor Circula- 430 691 753 

tion Pump Power, 

kw 

Circulation Pump 14.3 22.4 23.7 

Pressure Diff, psi 

Circulation Pump 61.8 92.5 92.4 

Head, ft 

Reactor Slurry 39 46 45 

Flow 

Rate, mGPM 

Reactor Slurry 0.534 0.558 0.592 

Density, gm/cc 

Reactor Tempera- 215.6 218.3 217.0 

ture, F. 

Ethylene 4.43 3.67 4.9 

Concentration, 
wt % 

Hexene-1 0.22 0.17 0.14 

Concentration, 

wt % 

Reactor Heat 270 262 241 

Transfer Coeffi- 
cient 

Reactor Inside 22.0625 22.0625 22.0625 

Diameter, inches 

Reactor Volume, 18700 18700 18700 

gal 

Reactor Length, ft 941 941 941 

Pressure Drop per 0.066 0.098 0.098 

Foot of Reactor, 
ft/ft 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 
TI High solids, high ethylene slurry polymerization 

AB An olefin polymerization process wherein monomer, diluent and 

catalyst are circulated in a continuous loop reactor 

and product slurry is recovered by means of a continuous product take 
off. The continuous product allows operating the reaction at 
significantly higher solids content in the 
circulating slurry. The concentration of ethylene in 

the circulating slurry is at least 3.67 weight percent and the average 
concentration of solid olefin polymer particles is greater 
than 40 weight percent. 
SUMM [0002] Addition polymerizations are frequently carried out in a liquid 

which is a solvent for the resulting polymer. When high density (linear) 
ethylene polymers first became commercially available in the 
1950 's this was the method used. It was soon discovered that a more 
efficient way to produce such polymers was to carry out the 
polymerization under slurry conditions. More 

specifically, the polymerization technique of choice became continuous 
slurry polymerization in a pipe loop 

reactor with the product being taken off by means of settling 

legs which operated on a batch principle to recover product. This 

technique has enjoyed international success with billions of pounds of 

ethylene polymers being so produced annually. With this success 

has come the desirability of building a smaller number of large reactors 

as opposed to a larger number of small reactors for a given plant 

capacity . 

SUMM [0003] Settling legs, however, do present two problems. First, they 

represent the imposition of a "batch" technique onto a basic continuous 
process. Each time a settling leg reaches the stage where it "dumps" or 

"fires" accumulated polymer slurry it causes an interference with the 
flow of slurry in the loop reactor upstream and the 
recovery system downstream. Also the valve mechanism essential to 
periodically seal off the settling legs from the reactor upstream and 
the recovery system downstream requires frequent maintenance due to the 
difficulty in maintaining a tight seal with the large diameter valves 
needed for sealing the legs. 

SUMM [0005] In spite of these limitations, settling legs have continued to be 
employed where olefin polymers are formed as a slurry in a liquid 

diluent. This is because, unlike bulk slurry 

polymerizations (i.e. where the monomer is the diluent) where 
solids concentrations of better than 60 percent are routinely obtained, 
olefin polymer slurries in a diluent are generally limited to no more 
than 37 to 40 weight percent solids. Hence settling legs have been 

believed to be necessary to give a final slurry product at the exit to 
the settling legs of greater than 37-40 percent. This is because, as the 
name implies, settling occurs in the legs to thus increase the solids 
concentration of the slurry finally recovered as product slurry. 



SUMM 



[0008] It is a further object of this invention to operate a 
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slurry olefin polymerization process in a diluent at a 

reactor solids concentration high enough to make direct continuous 

product takeoff commercially viable; 

SUMM [0009] It is a further object of this invention to operate a 
slurry olefin polymerization process in a diluent at 
higher circulation velocities. 

SUMM [0010] It is yet a further object of this invention to operate a 
slurry olefin polymerization process in a diluent in a 
reaction zone of greater than 30,000 gallons; and 

SUMM [0011] It is still yet a further object of this invention to provide a 
loop reactor apparatus having a capacity of greater 
than 30,000 gallons and having a continuous take off means. 

SUMM [0013] In accordance with another aspect of this invention, a 
loop reactor olefin polymerization process 

is carried out by operating at a higher circulation velocity for a given 
reactor pipe diameter. 

DRWD [0016] FIG. 1 is a schematic perspective view of a loop 

reactor and polymer recovery system; 
DRWD [0020] FIG. 5 is a side view of an elbow of the loop 

reactor showing both a settling let and continuous take off 

assemblies; 

DETD [0026] Surprisingly, it has been found that continuous take off of 
product slurry in an olefin polymerization 
reaction carried out in a loop reactor in the 

presence of an inert diluent allows operation of the reactor at a much 
higher solids concentration. Commercial production 
of predominantly ethylene polymers in isobutane diluent has 
generally been limited to a maximum solids 

concentration in the reactor of 37-40 weight percent. However, 

the continuous take off has been found to allow significant increases in 

solids concentration. Furthermore, the continuous take 

off itself brings about some additional increase in solids 

content as compared with the content in the reactor from which 

it takes off product because of the placement of the continuous take off 

appendage which selectively removes a slurry from a stratum where the 

solids are more concentrated. Hence concentrations of 

greater than 40 weight percent are possible in accordance with this 

invention . 

DETD [0030] The present invention is applicable to any olefin 

polymerization in a loop reactor utilizing a diluent 

so as to produce a product slurry of polymer and diluent. Suitable 

olefin monomers are 1-olefins having up to 8 carbon 

atoms per molecule and no branching nearer the double bond than the 
4-position. The invention is particularly suitable for the 

homopolymerization of ethylene and the copolymerization of 
ethylene and a higher 1-olefin such as butene, 

1-pentene, 1-hexene, 1-octene or 1-decene. Especially preferred is 
ethylene and 0.01 to 10, preferably 0.01 to 5, most preferably 
0.1 to 4 weight percent higher olefin based on the total 
weight of ethylene and comonomer. Alternatively sufficient 
comonomer can be used to give the above-described amounts of comonomer 
incorporation in the polymer. 
DETD [0033] Referring now to the drawings, there is shown in FIG. 1 a 
loop reactor 10 having vertical segments 12, upper 

horizontal segments 14 and lower horizontal segments 16. These upper and 
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lower horizontal segments define upper and lower zones of horizontal 
flow. The reactor is cooled, my means of two pipe heat exchangers formed 
by pipe 12 and jacket 18. Each segment is connected to the next segment 
by a smooth bend or elbow 20 thus providing a continuous flow path 
substantially free from internal obstructions. The polymerization 
mixture is circulated by means of impeller 22 (shown in FIG. 8) driven 
by motor 24. Monomer, comonomer, if any, and make up diluent are 
introduced via lines 26 and 28 respectively which can enter the reactor 
directly at one or a plurality of locations or can combine with 
condensed diluent recycle line 30 as shov/n . Catalyst is introduced via 
catalyst introduction means 32 which provides a zone (location) for 
catalyst introduction. The elongated hollow appendage for continuously 
taking off an intermediate product slurry is designated broadly by 
reference character 34. Continuous take off mechanism 34 is located in 
or adjacent to a downstream end of one of the lower horizontal 
reactor loop sections 16 and adjacent or on a 
connecting elbow 20. 
DETD [0034] The continuous take off appendage is shown at the downstream end 
of a lower horizontal segment of the loop reactor 

which is the preferred location. The location can be in an area near the 
last point in the loop where flow turns upward before the catalyst 
introduction point so as to allow fresh catalyst the maximum possible 
time in the reactor before it first passes a take off point. However, 
the continuous take off appendage can be located on any segment or any 
elbow . 

DETD [0041] As can be seen from the relative sizes, the continuous take off 
cylinders are much smaller than the conventional settling legs. Yet 
three 2-inch ID continuous take off appendages can remove as much 
product slurry as 14 8-inch ID settling legs. This is significant 
because with current large commercial loop reactors 
of 15,000-18000 gallon capacity, six eight inch settling legs are 
required. It is not desirable to increase the size of the settling legs 
because of the difficulty of making reliable valves for larger 
diameters. As noted previously, doubling the diameter of the pipe 
increases the volume four-fold and there simply in not enough room for 
four times as many settling legs to be easily positioned. Hence the 
invention makes feasible the operation of larger, more efficient 
reactors. Reactors of 30,000 gallons or greater are made possible by 
this invention. Generally the continuous take off cylinders will have a 
nominal internal diameter within the range of 1 inch to less than 8 
inches. Preferably they will be about 2-3 inches internal diameter. 

DETD [0048] Commercial pumps for utilities such as circulating the reactants 
in a closed loop reactor are routinely tested by 

their manufacturers and the necessary pressures to avoid cavitation are 
easily and routinely determined. 
DETD [0049] A four vertical leg polymerization reactor using a 26 inch 

Lawrence Pumps Inc. pump impeller D51795/81-281 in a M51879/FAB casing 
was used to polymerize ethylene and hexene-1. This pump was compared 
with a 24 inch pump which gave less aggressive circulation (0.66 ft of 
pressure drop vs 0.98) . This was then compared with the same more 
aggressive circulation and a continuous take off assembly of the type 
shown by reference character 34 of FIG. 5. The results are shown below. 

DATA TABLE 

2 6 in Pump + 

Description 24 in Pump 26 in Pump CTO 



Date of Operation Oct 4-9, 1994 May 24-28, 1995 Nov 15-18, 

1996 
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Avg. Reactor Solids 39 45 53 

Concentration, wt % 

Polymer Production 40.1 40.7 39.9 

Rate, mlbs/hr 

Reactor Circulation 430 691 753 

Pump Power, kw 

Circulation Pump 14.3 22.4 23.7 

Pressure Diff, psi 

Circulation Pump 61.8 92.5 92.4 

Head, ft 

Reactor Slurry Flow 39 46 45 

Rate, mGPM 

Reactor Slurry Density, 0.534 0.558 0.592 

gm/ cc 

Reactor Temperature, F 215.6 218.3 217.0 

Ethylene 4.43 3.67 

4.9 

Concentration, wt % 
Hexene-1 0.22 0.17 0.14 

Concentration, wt % 

Reactor Heat Transfer 270 262 241 

Coefficient 

Reactor Inside 22.0625 22.0625 22.0625 

Diameter, inches 

Reactor Volume, gal 18700 18700 18700 

Reactor Length, ft 941 941 941 

Pressure Drop per Foot 0.066 0.098 0.098 

of Reactor, ft/ft 
CLM What is claimed is: 

1. A polymerization process comprising: polymerizing, in a loop 
reaction zone, at least one olefin monomer in a liquid diluent to 
produce a first fluid slurry comprising liquid diluent and solid olefin 
polymer particles; maintaining in said first slurry in said zone a 
concentration of ethylene of at least 3.67 

weight percent and an average concentration of solid 
olefin polymer particles of at least 40 weight percent; and 
continuously withdrawing said first slurry comprising withdrawn liquid 
diluent and withdrawn solid polymer particles, as an intermediate 
product of said process. 

CLM What is claimed is: 

2. The process of claim 1, wherein said concentration of 
ethylene is at least 4.43 weight percent. 

CLM What is claimed is: 

3. The process of claim 1, wherein said concentration of 
ethylene is at least 4.9 weight percent. 
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AB The present invention concerns a process and an apparatus for continuous 

polymerisation of olefin monomers in a cascade of 
polymerisation reactors. According to the process, an olefin 
monomer is polymerised first in slurry phase in an 
inert hydrocarbon diluent in at least one loop reactor 

and then, subsequently, in gas phase in at least one gas phase reactor. 
According to the invention, a polymer slurry is continuously withdrawn 

from the loop reactor and optionally concentrated. 

The concentrated slurry is conducted to a high pressure flash unit in 
order to remove the remaining fluid phase, and fed to the gas phase 
reactor. With the process described in this invention, it is possible to 
produce bimodal polyethylene with good properties. The operation of the 
process is stable because of the truly continuous operation. 
SUMM The present invention relates to olefin polymerisation. In 

particular, the present invention concerns a process and an apparatus 

for continuous polymerisation olefin monomers like 

ethylene and other monomers in a cascade of polymerisation 

reactors, wherein an olefin monomer is polymerised 

first in slurry phase in an inert hydrocarbon diluent in at 

least one loop reactor and then, subsequently, in 

gas phase in at least one gas phase reactor. 

SUMM The loop reactor was developed in the 1950 's. It is 

now widely used for the production of polyethylene and other 
olefin polymers. In a loop reactor, 

ethylene is polymerised in the presence of a hydrocarbon diluent 
in slurry phase at elevated pressure and temperature. The slurry is 

withdrawn from the reactor and concentrated so that the 
solids content at the reactor outlet is higher than 
the solids content in the reactor. Traditionally, 

this has been done by using settling legs. However, present methods for 
concentrating the polymer slurry of a loop reactor 

have been unsatisfactory. This is true, in particular, for the 
production of bimodal polyethylene in cascaded reactors. 

SUMM The use of hydrocyclones for concentrating the outlet slurry of a 
loop reactor is known since the 1960 's. Loop 

reactors equipped with a hydrocyclone are disclosed in, e.g.. 
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U.S. Pat. No. 3,815,383, where a part of the underflow from the 
hydrocyclone is taken to product recovery, while the residual part is 
combined with the overflow and returned to the loop 

reactor . 

SUMM Another document relating to the above-mentioned topic is U.S. Pat. No. 
4,395,523, which discloses a method of making and recovering polymer 

particles. The known method comprises polymerising in a loop 
reactor, directing a portion of the recirculating polymer slurry 
into a hydrocyclone, returning the overflovj from the hydrocyclone into 
the reactor and withdrawing the underflow from the hydrocyclone and 
conducting it to product recovery. 

SUMM Further, EP 1 118 624, EP 1 118 625 and EP 1 118 626 disclose a process 
for polymerising olefins, where the polymer slurry is directed 
from a loop reactor into a hydrocyclone. The 

underflow from the hydrocyclone is directed either to a subsequent 
polymerisation stage or to product recovery. 

SUMM EP 891 990 discloses an ethylene polymerisation process 

comprising a continuous take-off of polymer slurry. The polymer slurry 
is continuously withdrawn from the loop reactor and 

fed to a high-pressure flash. From the high-pressure flash, the polymer 
is transferred into a low-pressure flash and from there to product 
recovery . 

SUMM EP 517 868 discloses a process for producing ethylene polymers 
in a reactor cascade comprising a loop 

reactor and a gas phase reactor. The document does not disclose 

how the polymer slurry is withdrawn from the loop 

reactor. Hydrocarbons are separated from the polymer, but no 

details are given on how this is done. Finally, the polymer is fed into 

the gas phase reactor. 

SUMM Even if the above documents describe different methods of withdrawing 
the slurry from the loop reactor, none of them 
discloses or suggests a suitable, cost efficient process for 
polymerising ethylene in two successive stages, the first 
stage being conducted in a loop reactor and the 

second stage in a gas phase reactor. The polymer is separated from the 
reaction mixture after the loop polymerisation stage and at least a part 
of the hydrocarbon mixture is removed. Then essentially no hydrogen is 
carried over to the gas-phase polymerisation reactor. 

SUMM The process of EP 517 858 comprises a low-pressure flash after the 
loop reactor for separating the polymer from the 

reaction mixture. While this provides effective separation, it is a 
relatively expensive process, because the overhead flow from the flash 
needs to be compressed before it can be returned into the loop 

reactor and the polymer must be fed into the gas phase reactor 
with e.g. a pressurising/depressurising sequence. 

SUMM One way of overcoming the above-mentioned problem involving the 

necessity of compressing the overhead flow from the flash, would be to 

replace the low-pressure flash of EP 517 858 with a high-pressure flash, 
as suggested in EP 891 990. However, if the slurry were withdrawn from 
the reactor continuously, as proposed in EP 891 990, the separation of 
the reactants would not be sufficiently efficient and, in particular, 
some hydrogen would be carried over from the loop 
reactor to the gas phase reactor, thus limiting the molecular 
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weight that could be produced in the gas phase reactor. The use of a 
combination of a high-pressure flash and a low-pressure flash would 
result in an expensive process. Finally, if the polymer slurry were 
withdrawn from the loop reactor intermittently by 

using settling legs and the thus withdrav/n concentrated slurry would be 
conducted to a high-pressure flash, there would still remain the problem 
with high hydrogen concentration in the gas. However, the flash would 
now have to be designed for a high flow, because the flow rates are high 
at the times when the settling legs open to discharge the slurry. This 
overdesign and use of settling legs leads to a high investment cost. 

SUMM It is an aim of the present invention to eliminate the problems of the 
prior art and to provide a novel way of polymerising ethylene 
and other olefin monomers, optionally in the presence of 

comonomers, in a reactor cascade comprising a loop 
reactor and a gas phase reactor. 

SUMM It is a particular aim of the present invention to find an economical 
alternative to the process known from EP 517 868 by providing a novel 
and cost-efficient process for polymerising ethylene in two 
successive stages, the first stage being conducted in a loop 
reactor and the second stage in a gas phase reactor, where the 
polymer is separated from the reaction mixture after the loop 
polymerisation stage so that no reactant, especially no hydrogen, is 
transferred from the loop reactor to the gas phase 

reactor in such an extent that it would have an adverse effect in the 
polymerisation in gas phase. 

SUMM The invention is based on the idea of using, in combination, means 

located outside the loop reactor for increasing the 
solids content of the slurry withdrawn from the 
loop reactor to provide a concentrated slurry, and a 
high-pressure flash unit for essentially evaporating all of the 
remaining liquid-phase hydrocarbons of the slurry phase diluent to 
provide a gas/solids mixture containing polymer solids gases. 
Alternatively, the slurry can be concentrated when it is withdrawn from 
the reactor. 



SUMM Thus, the apparatus for producing an olefin polymer in the 

presence of a catalytic system preferably comprises, in a cascade, a 
loop reactor, means for increasing the concentration 
of polymer slurry withdrawn from the loop reactor, a 

high-pressure flash and a gas phase reactor. The means for increasing 
the concentration of the slurry can be located externally to the 
loop reactor or be arranged in conjunction with the 
reactor outlet. 



SUMM The process according to the invention for producing olefin 

polymers in the presence of a catalytic system in a continuously 
operated multistage polymerisation sequence, comprises the steps of 

continuously withdrawing from the loop reactor a polymer 

slurry containing polymer and a fluid mixture containing diluent, 
monomers and optionally hydrogen, 

optionally, concentrating the slurry by removing a part of the hydrocarbon 
diluent to provide a concentrated slurry, 

conducting the concentrated slurry to a high pressure flash unit in order to 
remove essentially all of the remaining hydrocarbon diluent and to 
provide a product stream containing a mixture of polymer solids and 
gases. 
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transferring the product stream from the flash into the gas phase reactor. 

DETD The reference numerals used in the attached drawing refer to the 
following pieces of equipment: 

1 . loop reactor 

2 . hydrocyclone 

3. high pressure flash receiving vessel 

4. gas phase reactor 

11. loop reactor outlet line 

21. overhead flow from the hydrocyclone 

22. flash pipe (heated) 

31. overhead flow to the diluent recycle 

32. flow from the flash receiving vessel 

33. polymer flow to the gas phase reactor 

5. gas exchange zone 

DETD Olefin monomers like ethylene and optionally one or 
more alpha-olefin comonomer(s) are polymerised in a 
loop reactor 1 in a hydrocarbon diluent, preferably 

propane or isobutane, in the presence of a polymerisation catalyst, 
optionally in the presence of hydrogen. The polymer slurry is 
continuously withdrawn from the loop reactor 1 
through an outlet nozzle. 
DETD At least a part of the polymer slurry thus withdrawn is conducted to a 
hydrocyclone 2, in which the slurry is concentrated to provide a first 
product stream having a high concentration of solid matter and a second 
product stream, which mainly consists of hydrocarbon diluent separated 
from the polymer slurry. The first product stream forms the underflow of 
the hydrocyclone 2 and it is conducted via flash pipe 22 to receiving 
vessel of the flash unit 3, which preferably is operated at a high 
pressure. The overhead flow comprising the second product stream of the 
hydrocyclone is recycled from the hydrocyclone 2 to the loop 
reactor 1 . 

DETD At least a part of the overhead flow from the receiving vessel of the 
flash unit, consisting mainly of hydrocarbons is recycled directly or 
indirectly into the loop reactor 1 or gas phase 

reactor 4. 
DETD A. Loop Reactor 

DETD In the loop reactor 1, olefins like 

ethylene are homopolymerised or copolymerised with at least one 
C.sub.4 to C. sub. 10 alpha-olefin. The polymerisation takes 
place in an inert hydrocarbon diluent or liquid monomer, preferably a 
C.sub.3 to C.sub.5 hydrocarbon diluent, more preferably in propane or 
isobutane diluent, and in particular propane diluent. 

DETD The temperature in the loop is from about 60° C. to about 
110° C, preferably from 75 to 105° C. If ethylene 
or propylene is homopolymerised in the loop reactor, 
it is preferred to operate the loop reactor at 

conditions known as "supercritical", where the operating temperature 
exceeds the critical temperature of the reaction mixture and the 

operating pressure exceeds the critical pressure of the reaction 
mixture. At such conditions, the operation temperature is higher than 
90° C, preferably higher than 93° C. 
DETD The operating pressure needs to be selected so that the contents of the 
loop reactor remain either in liquid state or 

supercritical state. For liquid slurry operation, the suitable range of 
operating pressure is from about 20 to about 100 bar, preferably from 25 
to 75 bar. For supercritical slurry operation, the suitable range of 
operating pressure is from about 50 to about 100 bar, preferably from 55 
to 80 bar. 

DETD Preferably, ethylene is (co) polymerised in the loop 
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reactor in the presence of hydrogen to produce the low molecular 
weight polymer component. Typically, the reaction mixture contains from 

0 to 10%, preferably from 0 to 4 mol-% of alpha-olefin 
comonomer. If a Ziegler-Natta catalyst is used, the reaction mixture 
typically contains from 2 to 10 mol-% hydrogen, preferably from 2 to 8 
mol-%. If a single site catalyst is used, the reaction mixture typically 
contains from 0.01 to 1 mol-% hydrogen. Further, the reaction mixture 
contains typically from 1 to 10 mol-%, preferably from 3 to 10 mol-% 
ethylene. If a single site catalyst is used, then slightly lower 
ethylene concentration may be used. The reaction 

mixture further comprises the components of the diluent. Preferably, the 
major part of the diluent is propane, with minor quantities of other 
alkanes, such as methane, ethane, and butanes. 
DETD The polymer slurry is withdrawn from the loop reactor 

continuously through an outlet. The outlet may be placed at any suitable 
location in the reactor. However, most preferably the outlet is located 
at a suitable location downstream of the loop circulation pump. It is 
also possible to withdraw the slurry from the loop 
reactor in such a manner that the concentration of 
solids at the outlet is higher than the concentration 
of solids in the loop reactor. The slurry 

may be directed into the flash unit directly or through a further 
concentration step. 
DETD From the loop reactor 1 the polymer slurry is 

directed to a hydrocyclone 2, where the concentration of the slurry 
takes place by effect of centrifugal forces. The hydrocyclone divides 
the slurry flow into two streams: An overflow 21, which is rich in 
liquid, and an underflow, which is rich in polymer. The overflow is 
returned to the loop reactor or to a fines 

collection tank (not shown in the drawing) and the underflow is directed 
to a flash unit. 

DETD As described above, the slurry entering the hydrocyclone has a 
solids content of 10 to 40% by volume. The 
solids concentration in the underflow can be adjusted 

by adjusting the ratio of the recycle flow (overflow) to the product 
flow (underflow) , and is typically from 30 to 55% by volume, preferably 
40 to 52% by volume. It is often advantageous to recycle a part of the 
underflow back to the loop reactor. 
DETD The flash unit 3 typically consists of a heated flash pipe 22 and a 
receiving vessel 3. The slurry entering the flash unit has a 
solids concentration of 30 to 60% by volume. In the 

flash unit, the remaining hydrocarbons are removed from the polymer. The 
flash pipe is preferably heated, e.g. by steam or water. If water is 
used for heating, the heating water can be advantageously taken from the 

jacket of the loop reactor. The temperature is 

selected according to the composition of the hydrocarbon fluid so that 
the fluid is essentially evaporated. The phrase "essentially removing 
the fluid phase" means that a major fraction of the fluid phase is 
removed and only an amount of fluid that fills the volume between the 
polymer particles and the volume of pores in the polymer particles 
remains with the polymer. Typically, the temperature at the receiving 
vessel is from 50 to 100° C, preferably from 60 to 90° 
C, in particular from 70 to 90° C, and a pressure of 10 to 30 
bar, preferably 12 to 27 bar, and in particular from 14 to 24 bar. The 
pressure is preferably higher than the pressure in the gas phase 
reactor, to allow smooth transfer of the polymer into the gas phase 
reactor. Advantageously, the pressure is at least 0.05 bar higher than 
in the gas phase reactor. 
DETD At least a part of the overhead flow 31 from the receiving vessel of the 
flash unit 3 is passed to the recovery system for recycling into the 
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loop reactor 1 or gas phase reactor 4 or both. A small 
purge stream can be recycled e.g. to a cracker. 

DETD The product flow 32 from the flash receiving vessel 3 is directed into a 
gas phase reactor. The flow contains about the void volume of gas of the 
same composition as the loop reactor fluid the rest 
being polymer. Before introduction into the gas phase reactor, the 
product flow can be passed through a gas exchange zone 5, where it is 
flushed countercurrently with essentially hydrogen free gas fraction 
from the diluent recovery or with a pure hydrocarbon, preferably 
propane, to reduce the amount of hydrogen carryover to the gas phase 
reactor. The gas displacement zone comprises a conduit and a control 
valve or optionally one or two rotary feeders. 

DETD Summarising what has been stated above, one particularly preferred 

embodiment of the invention comprises the following steps: Polymerising 
the monomer in the presence of a catalytic system in a loop 
reactor 1 using a suitable catalyst and an inert hydrocarbon 
diluent, continuously withdrawing the polymer slurry from the 
loop reactor through an outlet line 11, concentrating 

the slurry in a hydrocyclone 2 to remove excess hydrocarbons to provide 

a concentrated slurry, returning the overflow 21 containing hydrocarbons 
from the hydrocyclone to the loop reactor, directing 

the concentrated slurry through a heated flash pipe 22 to the receiving 
vessel 3 of the high pressure flash unit in order to remove excess fluid 
reaction mixture, directing the product flow 32 from the receiving 

vessel of the flash unit into a gas phase reactor. 

DETD A 20 m.sup.3 loop reactor is operated at 95° 

C. and 60 bar pressure with propane diluent. Ethylene 

homopolymer is produced in the reactor by introducing ethylene 

, diluent, hydrogen and a polymerisation catalyst, which was prepared 

according to Example 3 of EP 688 79 4 with the exception that as a 

carrier material silica having an average particle size of 20 |Lim is 

used, in such quantities that the diluent contains 5.9 mol-% of 

ethylene and 2.6 mol-% hydrogen. The remainder is propane with 

minor quantities (less than 1 mol-% each) of methane, ethane, isobutane 

and n-butane. The polymer production is 2.8 tons per hour; the melt 

index of the polymer is 450 g/10 min and the density 973 kg/m.sup.3. The 

solids content of the slurry is 25 vol-%. 

DETD The polymer slurry is withdrawn continuously from the reactor through an 
outlet nozzle and transferred to a hydrocyclone according to FIG. 1. The 
total slurry feed to the hydrocyclone is 5.5 tons per hour. The product 
flow is 3.7 tons per hour, with 52 vol-% of solids. The recycle flow is 
1.8 tons per hour, with 1.7 vol-% solids. The recycle flow is returned 
to the loop reactor. 

DETD The product flow of the hydrocyclone is routed into a flash pipe and 
further to a flash receiving vessel, operated at a temperature of 
75° C. and a pressure of 21 bar. The hydrocarbons separated from 
the polymer are returned into the loop reactor via a 
diluent recovery. They contain 5.9 mol-% of ethylene and 2.6 
mol-% of hydrogen. 

DETD The polymer slurry is withdrawn continuously from the reactor through an 
outlet nozzle and transferred to a hydrocyclone according to FIG. 1. The 
total slurry feed to the hydrocyclone is 5.2 tons per hour. The product 
flow is 3.8 tons per hour, with 39 vol-% of solids. The recycle flow is 
1.4 tons per hour, with 5.8 vol-% solids. The recycle flow is returned 
to the loop reactor. 

DETD The product flow of the hydrocyclone is introduced into a flash pipe and 
further to a flash receiving vessel, operated at a temperature of 
80° C. and a pressure of 2 0 bar. The hydrocarbons separated from 
the polymer are returned into the loop reactor. They 
contain 5.9 mol-% of ethylene, 3.7 mol-% 1-butene and 2.6 
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mol-% of hydrogen. 
CLM What is claimed is: 

1. A process for producing olefin polymers in the presence of 

a catalytic system in a continuously operated multistage polymerisation 

sequence, wherein an olefin monomer is polymerised 

first in slurry phase in a hydrocarbon diluent or liquid 

monomer, in at least one loop reactor, the slurry 

having a first concentration of solids, and then 

subsequently in gas phase in at least one gas phase reactor, said 
process comprising continuously withdrawing from the loop 
reactor a polymer slurry containing polymer and a fluid phase, 
further containing hydrocarbons and optionally hydrogen, concentrating 
the slurry by removing a part of the fluid phase to provide a 
concentrated slurry, conducting the concentrated slurry having a second 
concentration of solids, which is higher than the 
first concentration of solids, to a high pressure 

flash unit in order to remove essentially all of the remaining fluid 
phase and to provide a product flow containing a suspension of polymer 
solids and gases, and feeding the product flow of the flash unit into 
the gas phase reactor, wherein a receiving vessel of the flash unit is 
operated at a pressure of 10 to 30 bar, the operating pressure of the 
flash unit being higher than the pressure in the gas phase reactor. 

CLM What is claimed is: 

5. The process according to claim 1, wherein the slurry is withdrawn 
from the loop reactor in such a manner that the 
concentration of solids at the outlet is higher than 
the concentration of solids in the loop 
reactor . 



CLM What is claimed is: 

6. The process according to claim 4, wherein the overflow is recycled to 
the loop reactor. 

CLM What is claimed is: 

13. The process according to claim 12, wherein the flash pipe is heated 
with water taken from a jacket of the loop reactor. 

CLM What is claimed is: 

14. The process according to any of claims 11 to 13, wherein the 
overflow from the flash is recycled into the loop 

reactor or conducted to the gas phase reactor or both. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

TI Cascaded polyolefin slurry polymerization employing 

disengagement vessel between reactors 

AB A disengagement vessel employing a lock hopper effectively reduces 

concentration of non-polymer-associated components in the polymer 
product slurry of a first olefin slurry polymerization 
reactor, allowing cascading of a second slurry 
polymerization reactor operating at lesser concentration of 
comonomers, hydrogen, and other components to produce multicompositional 
polyolefin polymers and/or polymers having a multimodal monomer 
distribution, e.g. diblock polymers having substantially non-overlapping 
comonomer contents between the blocks. 

SUMM The present invention pertains to the use of cascaded slurry 

reactors to polymerize olefins to produce polyolefin homo- and 
copolymers of multimodal molecular weight distribution and/or 
composition . 

SUMM Slurry reactors are in widespread use for production of polyethylene 

homo- and copolymers. Slurry reactors include stirred tank reactors and 

water- jacketed tubular reactors arranged in a series of continuous 
horizontal or vertical loops. A "slurry solvent" in which polyethylene 
has low solubility constitutes the continuous phase in such reactors, 
and in the case of slurry loop reactors, is driven 

around the loop at relatively high speed by one or more rather massive 

pumps. Ethylene, supported catalyst, comonomers, and 

processing additives are injected into the loop where polymerization 
takes place, creating a slurry of polyethylene in solvent. A plurality 
of settling legs allow polymer particles to partially sediment out, 
creating a slurry of higher solids content, which is 

released periodically to harvest polymer. Slurry processes are widely 
used throughout the world. It has recently been proposed to cascade 
slurry reactors to produce multimodal resins. 

SUMM U.S. Pat. Nos. 6,221,982 Bl and 6,291,601 Bl disclose cascaded 

slurry polymerizations where at least two distinct 

catalysts are employed. In U.S. Pat. No. 6,221,982, a Ziegler-Natta 
catalyst is employed in the first reactor with high hydrogen 
concentration and no or low comonomer incorporation. A 

hydrogen-consuming catalyst with low olefin polymerization efficiency is 
introduced downstream into the first reactor product stream. As a 
result, hydrogen is consumed prior to reaching the second reactor, 
wherein the polymerization is conducted at substantially zero hydrogen 
concentration. The second stage employs significant olefin comonomer. 
U.S. Pat. No. 6,291,601 is similar, but employs a metallocene catalyst 
in the first reactor. 



SUMM U.S. Pat. No. 6,225,421 Bl discloses use of cascaded reactors wherein 
ethylene is homopolymerized in the presence of hydrogen in a first 
reactor, hydrogen is physically separated from the first reactor product 
stream, and the product is copolymerized with 1-hexene and additional 
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ethylene at reduced hydrogen concentration in the 

second reactor. However, the patent contains no disclosure of any 

apparatus suitable for removing hydrogen from the first reactor product 
stream. Moreover, the necessity to restrict the first polymerization to 
homopolymerization is limiting. 

SUMM It has now been surprisingly discovered that hydrogen and other 

components which are not associated with polyolefin particles may be 
effectively removed from the product stream of a first polyolefin 
slurry polymerization reactor through means of a 

disengagement vessel equipped with a lock hopper for harvesting a 
polyolefin polymer slurry having significantly reduced concentration of 
"non-polymer-associated components." The process preferably removes 
hydrogen from the first slurry reactor. The lock hopper contents are 
flushed intermittently into a subsequent polymerization reactor. 

DETD Slurry processes for olefin polymerization are well 

known, and are described, for example, in PROCESS ECONOMICS PROGRAM 
REPORTS 185 and 185A (2000). Additional details may be found in the 
patents cited previously, herein incorporated by reference, and in many 
other patents, publications and treatises. These and other references 
also disclose numerous catalysts, modifiers, etc., which can be used in 
slurry polymerization processes. 

DETD In a preferred embodiment of the present invention, the hydrogen content 
of a first reactor product stream is lowered to a lower concentration by 
means of a disengagement vessel ("DV") for hydrogen ("HDV"), generally 
of elongate construction, equipped with a lock hopper for product 
transfer at a lower end thereof. The remaining details of the 
slurry polymerization process are conventional and 
well known to those skilled in the art. 

DETD FIG. 2 illustrates a simplified diagram of a cascaded polyolefin 
slurry polymerization process employing a 

disengagement vessel of the subject invention. FIG. 2 illustrates two 
continuous loop slurry reactors 30 and 31. The first 

slurry loop reaction is shown with three feed lines 34, 35 and 36, 
although a greater or lesser number may also be used. These feed lines 
feed solvent, monomer, comonomer (when used), hydrogen, catalyst, 
catalyst activators and water scavengers, antistats, etc., either with 
dedicated inlets for each, or combination inlets. From one loop 
of slurry loop reactor legs, a product takeoff leg 
38, which may be of the continuous type, or a single or one of a 
plurality of conventional settling legs, provides a polymer slurry from 
reactor 30 to the hydrogen disengagement vessel 40 as previously 
described. Fresh solvent is optionally added to the product takeoff leg 
at 41, while gases exit the DV at 43. Hydrogen disengagement is 
augmented by a nitrogen inlet (sparge) 44, and settling polymer 
particles collect in the lower portion 45 of DV 40, and flow 
intermittently into solvent-filled lock hopper 50. The polymer is 
flushed intermittently from the lock hopper by opening and then closing 
flush valves 52 and 53, valve 52 flushing the polymer from the lock 
hopper through valve 53 by means of fresh solvent 51. The outlet slurry 
flowing through line 54 serves as an inlet stream to subsequent reactor 
31, along with additional inlet streams 55, 57 and 58, which, for 
example, may feed additional olefin monomer, comonomer, and 
solvent, and optionally but not preferredly, additional catalyst, 
activator, scavengers, and the like. Product takeoff from reactor 31 is 
preferably by means of one or more conventional settling legs 60. The 
product slurry is treated conventionally to remove solvent and unreacted 
monomers, i.e., by a series of product separation flash drums. 
DETD A pilot plant cascaded reactor configuration is employed to produce 
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polyethylene copolymers. The first reactor is a slurry 
loop reactor having a volume of 44 gallons (166 L) , 
while the second reactor is an 88 gallon (232 L) slurry loop 
reactor. The settling leg of the first reactor is directed to a 
170 gallon (643 L) disengagement vessel as shown in FIG. 1. The lock 
hopper of the disengagement vessel is that of FIG. 3. The overall 
process is therefore similar to that shown in FIG. 2. 
CLM What is claimed is: 

1. A process for disengagement of non-polymer-associated components from 
a first slurry polymerization reactor product 
slurry stream containing solid polymer particles in a slurry 
solvent, said method comprising: introducing a non-polymer-associated 
component-containing polymer slurry from a first slurry reactor into a 
disengagement vessel, said disengagement vessel terminating at a lower 
end thereof with a lock hopper having a cavity therein which is 
selectively communicatable between an interior of said disengagement 
vessel and a supply of slurry solvent; filling said cavity with slurry 
solvent when said cavity is not in fluid communication with said 
disengagement vessel; causing said cavity to be in fluid communication 
with said interior of said disengagement vessel, and allowing polymer 
particles contained in a polymer particle slurry in said disengagement 
vessel to enter said cavity, displacing slurry solvent into said 
disengagement vessel from said cavity; ceasing communication of said 
cavity with said interior of said disengagement vessel, establishing 
fluid communication of said cavity with said supply of slurry solvent, 
and flushing polymer particles from said cavity with slurry solvent as a 
solvent flush polymer slurry, at least one non-polymer-associated 
component concentration in said solvent flush polymer slurry being less 
than the concentration of said at least one non-polymer-associated 
component in said disengagement vessel. 

CLM What is claimed is: 

4. The process of claim 1, wherein said non-polymer-associated 
component-containing polymer slurry is collected in a settling leg of 
said first slurry reactor at a higher polymer solids content than the 
polymer content of the polymer slurry circulating in the first 
slurry polymerization reactor, and is diluted with 
additional solvent prior to entering said disengagement vessel. 

CLM What is claimed is: 

10. A process for the slurry polymerization of an 

olefin monomer and optionally of unsaturated comonomers to form a 
polyolefin polymer having a multimodal molecular weight distribution, 
employing the disengagement method of claim 1, said process comprising: 
a) introducing olefin monomers, slurry solvent, and optionally 
unsaturated comonomers, hydrogen, and at least one olefin polymerization 
catalyst into a first slurry polymerization reactor, 
and polymerizing to form a first polymer particle slurry; b) 
withdrawing a first polymer particle slurry containing at least one 
non-polymer-associated component from said first slurry 
polymerization reactor and introducing said first polymer 
particle slurry into a disengagement vessel having a lock hopper 
proximate the bottom thereof, said lock hopper having a cavity 
selectively communicable with an interior of said disengagement vessel 
and a slurry solvent supply; c) filling said lock hopper cavity with 
slurry solvent to form a slurry solvent-containing lock hopper cavity; 
d) establishing communication of said slurry solvent-containing lock 
hopper cavity with said interior of said disengagement vessel, whereby 
polymer particles enter said cavity, displacing slurry solvent therefrom 
into the interior of said disengagement vessel, to form a slurry 
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solvent-washed polymer slurry in said cavity; e) terminating 
communication of said cavity with said interior of said disengagement 

vessel, flushing said slurry solvent-washed polymer slurry from said 
cavity with slurry solvent as a solvent flush polymer slurry, and 
refilling said cavity with slurry solvent; f) introducing said solvent 
flush polymer slurry into a subsequent slurry 

polymerization reactor; g) introducing a polymerization mixture 

comprising further olefin monomer, optionally unsaturated comonomer ( s ) , 
optionally hydrogen, and optionally further olefin polymerization 
catalyst into said subsequent slurry polymerization 
reactor, the concentration of at least one non-polymer-associated 
component in said subsequent polymerization reactor being less than the 
concentration of at least one non-polymer-associated component in said 
first slurry polymerization reactor; and h) 
recovering from said subsequent slurry polymerization 
reactor a polyolefin polymer having a multimodal molecular weight 
distribution, a multicompositional monomer distribution, or both a 
multicompositional molecular weight distribution and a multimodal 
monomer distribution. 

CLM What is claimed is: 

11. The process of claim 10, wherein three slurry 
polymerization reactors are employed, an intermediate slurry 
reactor preceding said subsequent slurry 

polymerization reactor, and at least one disengagement vessel to 
lower concentration of at least one non-polymer-associated component, 
said at least one disengagement vessel located between any two of said 
three slurry reactors. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

TI Continuous withdrawal from high solids slurry 

polymerization 
SUMM The present invention relates to the slurry 

polymerization of olefin monomers. More particularly, 

the present invention relates to improved techniques for continuously 
withdrawing a portion of the fluid slurry from a loop reaction zone and 
operating a loop reactor having a plurality of 
continuous take off. 



SUMM Polyolefins such as polyethylene and polypropylene may be prepared by 
particle form polymerization, also referred 
to as slurry polymerization. In this technique, feed 

materials such as diluent, monomer and catalyst are introduced to a loop 
reaction zone, and a fluid slurry containing solid polyolefin particles 
in a liquid medium (usually an inert diluent and/or unreacted monomer) 
is circulated through the loop reaction zone. A portion of the fluid 
slurry is withdrawn from or taken off the reaction zone so that the 
solid polyolefin particles can be recovered. 

SUMM In continuous loop reactors, the various feed 

materials may be introduced to the loop reaction zone in various ways. 
For example, the monomer and catalyst may be mixed with varying amounts 
of diluent prior to introduction to the loop reaction zone. The monomer 
may also be combined with recycled diluent and then fed to the loop 
reaction zone. In the loop reaction zone, the monomer and catalyst 
become dispersed in the fluid slurry. As the fluid slurry circulates 
through the loop reaction zone, the monomer reacts at the catalyst in a 
polymerization reaction. The polymerization reaction yields solid 
polyolefin particles in the fluid slurry. 

SUMM Slurry polymerization in a loop reaction zone has 
proven commercially successful. The slurry 

polymerization technique has enjoyed international success with 
billions of pounds of olefin polymers being so produced 
annually. With this success has come the desirability, in some 
situations, of building larger reactors. Larger reactors lead to higher 
flow rates of fluid slurry. The flow rate inside a loop 
reactor can be as high as 1,000,000 gallons (3,785,410 liters) 
per minute or more. 

SUMM Flow restriction causes loss of flow through the take off valve and may 
cause more polymer particles to build up. This may cause the reactor 

pressure to increase, since it is usually controlled (at least 
partially) by how much the take off valve is opened. If the build up in 
polymer particles is quicker than the action of the control mechanism 
for controlling pressure by opening the take off valve, a plugged line 
and excessive reactor pressures may result. This may be especially 
severe for fused or atypical polymer chunks that can grow in the 
loop reactor and have a much larger dimension than the 

largest polymer particle size. Plugged reactor take off valves can lead 
to reactor over pressure, downtime, production loss, and in extreme 
situations, relief of reactor pressure by process safety relief valves. 
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SUMM As another aspect, a loop reactor apparatus is 
provided. The loop reactor apparatus includes a 

plurality of major segments and a plurality of minor segments. Each of 
the major segments is connected at a first end to one of the minor 
segments, and is connected at a second end to another minor segment. As 
a result, the major segments and the minor segments form a continuous 
flow path adapted to convey a fluid slurry. The continuous flow path is 
substantially free from internal obstructions. The loop 
reactor also includes a means for introducing an olefin 

monomer and/or a liquid medium (for example, an inert diluent) into the 
continuous flow path, a means for introducing a polymerization catalyst 
into the continuous flow path, and at least two means for continuously 
taking off a portion of the fluid slurry from the continuous flow path. 
Alternatively, the loop reactor includes at least 

four means for continuously taking off a portion of the fluid slurry. 
Such a loop reactor may have a volume greater than 

30,000 gallons, alternatively greater than 35,000 gallons, alternatively 
greater than 40,000 gallons, alternatively greater than 45,000 gallons, 
alternatively greater than 50,000 gallons, alternatively greater than 
75,000 gallons, alternatively greater than 100,000 gallons. 

SUMM As yet another aspect, a loop reactor apparatus is 
provided. The loop reactor apparatus comprises a 

plurality of major legs and a plurality of minor segments. Each minor 
segment connects two of the major legs to each other, and by these 
connections, the legs and the segments comprise a continuous flow path. 
A monomer feed is attached to one of the legs or segments. At least one 
catalyst feed is attached to one of the legs or segments. A continuous 
take off is attached to one of the legs or segments. The continuous take 
off includes a slurry withdrawal line in fluid communication with the 
reactor, a take off valve disposed along the slurry withdrawal line for 
regulating flow of the slurry through the slurry withdrawal line, and a 
flush line fluidly connected to provide diluent to the slurry withdrawal 
line . 

SUMM In the foregoing loop reactor apparatus, at least 

two of the minor segments form continual curves. At least two of the 
continual curves have one or more continuous take off mechanisms or 
means attached to them. The loop reactor apparatus 

may be essentially free of horizontal flow paths in that all the major 
legs are connected by continual curves. 

SUMM The apparatus may also include at least one spare continuous take off 
mechanism or means for continuously withdrawing product slurry. 

Preferably, the continuous take off mechanism or means comprises a 
V-ball valve having a nominal body size of at least 11/2 inch. The 
continuous take off valve may be automatically controlled by a 
controller, which adjusts the continuous take off valve in response to 
one or more input signals from pressure transmitters on the monomer feed 
to the loop reactor (or other means for introducing 
the olefin monomer to the loop reactor) . 

Additionally or alternatively, a pressure transmitter may be disposed on 
the slurry withdrawal line downstream of the continuous take off valve. 
The pressure transmitter may be operatively connected to provide a 

signal to the controller. One or all of the continuous take off 
mechanisms or means may be automatically controlled in such fashions. 

SUMM As yet another aspect, a continuous take off mechanism for a 
loop polymerization reactor is provided. The mechanism 
comprises a slurry withdrawal line in fluid communication with the 
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reactor, a take off valve disposed along the slurry withdrawal line for 
regulating flow of the slurry through the slurry withdrawal line, a 
flush line fluidly connected to provide diluent to the slurry withdrawal 
line, and a controller. The controller is configured to receive an input 
signal from pressure transmitters disposed on a monomer feed and on the 
slurry withdrawal line downstream of the take off valve. The controller 
is also configured to send an output signal to adjust the take off 
valve . 

SUMM As yet another aspect, a process for starting a loop 

polymerization reactor is provided. The process comprises 

feeding ethylene to the reactor and feeding isobutane to the 

reactor. The mass ratio of ethylene to isobutane fed to the 

reactor is sufficiently low to avoid plugging of the continuous take off 

mechanism. 

SUMM As still another aspect, a process for operating a loop 
polymerization reactor is provided. The process includes 
feeding ethylene to the reactor, feeding isobutane to the 
reactor, feeding a polymerization catalyst to the reactor, circulating a 
fluid slurry comprising unreacted ethylene and solid 
polyethylene particles in the isobutane through the reactor, 
continuously withdrawing a portion of the fluid slurry through a 
plurality of continuous take off mechanisms, and continuously flushing 
isobutane through the slurry withdrawal line of an inactive continuous 
take off mechanism. In this manner, a "hot spare" or "hot standby" is 
provided for the reactor. 

FIGS. 1(a) and (b) show loop reactors and polymer 
recovery systems. 

FIG. 5 is a side view of an elbow of the loop reactor 
showing a continuous take off mechanism. 
FIG. 7 is a side view of an elbow of the loop reactor 

showing the placement of a plurality of continuous take off mechanisms. 
FIG. 8 is a cross section of a portion of a loop 
reactor and two continuous take off mechanisms. 

The present process and apparatus relate to continuous take off or 
withdrawal of a portion of the fluid slurry in a loop 
reactor. This facilitates operation of the loop 

reactor at a much higher solids concentration 

. In particular, the present process and apparatus relate especially to 
large loop reactors having continuous take off 

instead of settling legs. The present techniques facilitate reliable 
operation of such large reactors and reliable withdrawal of product. 

The present process and apparatus are applicable to any olefin 
polymerization in a loop reactor that produces a 

slurry of solid polyolefin particles in a liquid medium. Suitable 
olefin monomers are 1-olefins having up to 8 carbon 
atoms per molecule and no branching nearer the double bond than the 

4-position. The present process and apparatus are particularly suitable 
for the homo polymerization of ethylene and the 
copolymerization of ethylene and a higher 1-olefin 

such as butene, 1-pentene, 1-hexene, 1-octene or 1-decene. Especially 
preferred is ethylene and 0.1 to 10 weight 

percent, preferably 0.01 to 5 weight percent, most preferably 
0.1 to 4 weight percent higher olefin based on the total 
weight of ethylene and comonomer. Alternatively sufficient 
comonomer can be used to give the above-described amounts of comonomer 
incorporation in the polymer. Such polymers are still referred to as 
polyethylene herein. 



DRWD 
DRWD 
DRWD 
DRWD 
DETD 



DETD 



S/N 10/572817 



DETD Additional details regarding loop reactor apparatus 

and polymerization processes may be found in U.S. Pat. Nos. 4,674,290; 

5,183,866; 5,565,174; 5,624,877; 6,005,061; 6,045,661; 6,051,631; 
6,114,501; and 6,420,497, which are also incorporated by reference 
herein . 

DETD Referring now to the drawings, FIG. 1(a) shows a loop 

reactor 10 having eight vertical segments 12, upper horizontal 
segments 14 and lower horizontal segments 16. The horizontal segments 
may be replaced by curved segments or continual curves so that the 
reactor contains essentially no horizontal flovj paths, as shown in FIG. 
1(b). In FIG. 1(a), these upper and lower horizontal segments define 
upper and lower zones of horizontal flow. In FIG. 1(b), the upper and 
lower curved segments 14a and 16a take the places of the horizontal 
segments. The reactor is cooled by means of heat exchangers formed by 
pipe 12 and jacket 18. Each segment is connected to the next segment by 
a smooth bend or elbow 20 thus providing a continuous flow path 
substantially free from internal obstructions. The fluid slurry is 
circulated by means of an impeller driven by motor 24. Monomer (and 
comonomer, if any) and fresh diluent are introduced through lines 26 and 
28 respectively which can enter the reactor directly at one (as shown in 
FIG. 1(a)) or a plurality (as shown in FIG. 1(b)) of locations or can 
combine with recycled diluent line 30 as shown. In FIG. 1(b) the recycle 
diluent line splits to provide four feed points 30a, 30b, 30c, and 30d. 
During initial start-up of a loop reactor having one 

or more continuous take off mechanisms, it has been found desirable to 
increase the amount of recycled diluent fed to the reactor, with respect 
to the ethylene fed to the reactor. For example, a 1:1 mass 
flow ratio of ethylene and recycled isobutane during initial 
start-up has been found to reduce plugging of the continuous take off 
mechanism. Smaller mass flow ratios, for example, 4:5 or 2:3, may also 
be used. Catalyst is introduced via catalyst introduction means 32 which 
provides a zone (location) for catalyst introduction. 
DETD A continuous take off mechanism for withdrawing an intermediate product 
slurry is designated broadly by reference character 34. Continuous take 
off mechanism 34 is located in or adjacent to an end, preferably a 
downstream end, of one of the lower horizontal segments 15 or the lower 
curved segments 16a or adjacent or on a connecting elbow 20. One 
advantage of the continuous take off mechanism 34 is that it can 
eliminate the need for horizontal segments. Settling legs typically were 
attached to horizontal segments. Using continuous take off mechanisms 
facilitates the use of preferable curved segments. The continuous take 
off mechanism 3 4 is shown at the downstream end of a lower horizontal 
segment of the loop reactor. The location can be in 

an area near the last point in the loop where flow turns upward before 

the catalyst introduction point so as to allow fresh catalyst the 
maximum possible time in the reactor before it first passes a take off 
point. It is presently preferred to locate a continuous take off at an 
upward flowing elbow (an elbow in which the fluid slurry turns upward to 
flow up a vertical segment) . However, the continuous take off mechanism 
can be attached to any segment, elbow or curve. 
DETD As described in U.S. Pat. No. 6,239,235, polymerization processes 

utilizing continuous take off instead of a traditional settling leg for 
slurry take off are favored for larger reactors. U.S. Pat. No. 6,239,235 
(which is incorporated herein by reference) discloses an olefin 
polymerization process wherein monomer, diluent and catalyst are 
circulated in a continuous loop reactor and slurry 

is withdrawn by use of a continuous take off mechanism. The process may 
be employed in loop reaction zones of greater than 30,000 gallons. Also, 
reactor polymer solids concentrations of greater 

than 40 weight percent, and preferably greater than 50 weight percent 
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are discussed. 

DETD Vaporized diluent exits the high pressure flash chamber 38 through 

conduit 42 for further processing which includes condensation by simple 
heat exchange using recycle condenser 50, and return to the loop 
reactor, without the necessity for compression, via recycle 
diluent line 30. Recycle condenser 50 can utilize any suitable heat 
exchange fluid known in the art under any conditions known in the art. 
However preferably a fluid at a temperature that can be economically 
provided is used. A desirable temperature range for this fluid is 40 
degrees F. to 130 degrees F. Polymer particles are withdrawn from high 
pressure flash chamber 38 via line 44 for further processing using 
techniques known in the art. The polymer particles may be passed to low 
pressure flash chamber 46 (or directly to a purge zone) and thereafter 
recovered as polymer product via line 48. Separated diluent passes 
through compressor 47 to line 42. This high pressure flash design is 
broadly disclosed in U.S. Pat. No. 4,424,341, which is hereby 
incorporated by reference. 

DETD FIG. 2 shows a curved segment 16a with continuous take off mechanism 34 
in more detail. The continuous take off mechanism typically at least 
includes a slurry withdrawal line in fluid communication with the 
reactor and a valve for controlling the flow of slurry through that 
line. The continuous take off mechanism shown in FIG. 2 comprises a take 
off cylinder 52 attached to the reactor with a flange 53, a slurry 
withdrawal line 54, an emergency shut off valve 55 (or block valve) , a 
proportional motor valve 58 (the CTO valve) to regulate flow and a flush 
line 60. The cylinder 52 need not extend into the reactor; indeed, 
extending a protrusion into a loop slurry reactor 

may result in polymer build-up around the protrusion. However, in some 
circumstances the cylinder may extend into the reactor. Diluent input is 

generally held constant, the proportional motor valve 58 being used to 
control the rate of continuous withdrawal to maintain the total reactor 
pressure within designated set points. A manual flash line may also be 
connected with the flash line downstream of the proportioned motor valve 
58. Diluent input may be adjusted based upon logic which calculates and 
controls the weight percent of solids in the reactor. 
DETD It has been found desirable to maintain at least one continuous take off 
mechanism in inactive status by closing block valve 66 (or another 
downstream valve) rather than ram valve 62. A continuous take off is 
inactive if it is not being used to withdraw product slurry as part of 
the normal commercial production of the polyolefin. The flush line 70 
and flush valve 72 may also be operated to automatically feed diluent to 
slurry withdrawal line 54 if a downstream valve or block valve is shut 
or plugged. By closing block valve 66 or other downstream valve but 
leaving ram valve 62 open, the continuous take off mechanism can be 
maintained as a "hot spare" or "hot standby" that may rapidly, 
essentially instantaneously, remotely, and/or automatically be put into 
use if needed. By maintaining a "hot spare"continuous take off 
mechanism, an additional continuous take off mechanism can rapidly 
(within 1 minute or less) be put into operation during certain 
situations and prevent high pressure in the reactor. The continuous take 
off mechanism can be maintained as a hot spare by continually flushing 
diluent through flush line 70 and flush valve 72 when the block valve 66 
is closed. Alternatively, a hot spare may have the block valve open and 
another downstream valve (for example, the proportional motor valve 58 
or the CTO valve 74) closed. In that case, the flush line 70 and flush 
valve 72 may be locate downstream of block valve 66. The flush line 70 
and flush valve 72 may also be operated to automatically feed diluent to 
slurry withdrawal line 54 if the continuous take off mechanism is shut 
or plugged. It is highly desirable to equip the loop 
reactor with at least one continuous take off mechanism to exist 
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as a spare, in case the active continuous take off mechanism become 
plugged, which is a significant risk during operation. 

DETD In FIG. 4, an automatic control is shown in the form of a programmable 

controller 76, which adjusts the CTO valve 74 in response to one or more 

input signals. The input signals in FIG. 4 are from pressure 

transmitters 78 and 79 on feed lines 80 and 81 to the loop 

reactor. However, the input signal may be indicative of the 

pressure (or other parameter) in the reactor or in downstream equipment, 

such as the flash line or a flash chamber. 

DETD The continuous take off cylinders are smaller than the conventional 

settling legs. Yet three 2-inch ID continuous take off appendages can 
remove as much product slurry as 14 eight-inch ID settling legs. This is 
significant because with commercial loop reactors of 

15,000-18,000 gallon capacity, 6 eight-inch settling legs are required. 
It is not desirable to increase the size of the settling legs because of 
the difficulty of making reliable valves for larger diameters. Reactors 
of 30,000 gallons or more benefit from the present process and 
apparatus. Generally the continuous take off cylinders will have a 
nominal internal diameter within the range of from about 1 inch to about 
8 inches. Preferably they will be from about 2 to about 3 inches 
internal diameter. As the line extends from the reactor, the diameter 
may gradually increase or decrease to provide the desired effect on 
pressure and/or flow within the line. The line may gradually reduce in 
diameter leading to the CTO valve (and gradually increase in diameter 
after passing the CTO valve) in order to adapt to the size of the 
control valve, maintain a high slurry velocity and/or not provide sharp 
edges that can lead to polymer buildup. For example, a 2 inch line 
diameter may gradually taper to 1.5 inch diameter over 3 inches before 
the CTO valve 74, and then reverse-taper from 1.5 inch diameter to 2 
inch over a similar distance after the CTO valve 74. In FIG. 4, tapered 
conduits or swedges 86 and 88 are shown before and after the CTO valve 
74. Nonetheless, it is important to ensure there are no sudden 
enlargements or contractions of the lines' diameters, as that could lead 
to plugging. Preferably, the housing of the CTO valve is flanged for 
attachment to hollow appendages through which the withdrawn slurry 
flows. For the same reason, it is important to ensure smooth connections 
between pipes and no misalignments between pipe connections. 

DETD FIG. 7 is a side view of an elbow of the loop reactor 

showing the placement of a plurality of continuous take off mechanisms. 
Four continuous take off mechanisms are shown, though only two are 
active; the other two continuous take off mechanisms are provided as 
options or spares. In FIG. 7, the continuous take off 34d and 34e are 
located at curve angles 30 degrees and 60 degrees on the downward flow 
leg (that is, the leg through which the fluid slurry is flowing 
downward), and the continuous take off 34f and 34g at 70 degrees and 40 
degrees on the upward flow leg (that is, the leg through which the fluid 
slurry is flowing upward) . In general, ranges of 0-60 degrees on a 
downward flow leg and a range of 30-90 degrees, more preferably 70-90 
degrees, on an upward flow leg are preferred. 

DETD FIG. 8 shows a cross section of a horizontal segment of a loop 
reactor and two continuous take off mechanisms 34b and 34c. 
These continuous take off mechanisms 34b and 34c are disposed along a 
horizontal segment of the loop reactor 10 and form 

angle gamma with the bottom edge of the horizontal segment. The angle 

gamma is greater than 0 degrees and less than or equal to 90 degrees. 
This arrangement is especially suitable for a horizontal loop 
reactor which does not have upward or downward flowing elbows. 
In other words, this arrangement is suitable for the horizontal 
loop reactor where the major segments and minor 

segments are all disposed in an essentially horizontal plane. The 
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horizontal segments need not extend along a perfectly horizontal axis 
but rather may be substantially horizontal. For example, a horizontal 
segment may be positioned at a tilt or angle that is between 0 and 15 
degrees from a true horizontal plane. 
DETD It has been discovered that automatic and/or regular movement of the 

continuous take off valve is useful for reducing or avoiding instances 
of plugging in the valve. Regular movement of the continuous take off 
valve may attain a reduction in instances of continuous take off valve 
plugging. The short localized pressure pulse created by the movement of 
the continuous take off valve can reduce plugging by forcing accumulated 
polymer chunks or particles through the valve. However, the duration and 
magnitude of the pressure pulse is not so large as to significantly 
affect the average pressure of the loop reactor. By 

moving the continuous take off valve at regular intervals, regardless of 
the detection of plugging, the operator can clear the continuous take 
off valve, ensure regular production of polymer and avoid plugging 
problems before they occur. 
CLM What is claimed is: 

6. A process for operating a loop polymerization 

reactor, the process comprising: feeding at least one olefin 

monomer and diluent to the reactor; feeding a polymerization catalyst to 

the reactor; circulating a fluid slurry comprising unreacted ethylene 

and solid polyethylene particles in the diluent through the reactor; 

continuously withdrawing a portion of the fluid slurry through a 

plurality of active continuous take off; and continuously flushing 

diluent through an inactive continuous take off. 

CLM What is claimed is: 

10. A process for starting a loop polymerization 

reactor, the process comprising: feeding ethylene to the 

reactor; and feeding isobutane to the reactor; wherein the mass ratio of 
ethylene to isobutane fed to the reactor is sufficiently low to avoid 
plugging of a continuous take off. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A process for producing bimodal polyethylene resins in two reactors in 

series, the process comprising producing a first polyethylene resin 

fraction in a first slurry loop reactor in a diluent 

in the presence of a catalyst and producing a second polyethylene resin 
fraction in a second slurry loop reactor, serially 

connected to the first reactor, in the diluent in the presence of the 
catalyst, the first polyethylene resin fraction being passed from the 
first reactor to the second reactor together with the catalyst, one of 
the first and second reactors producing a resin fraction of higher 
molecular than the resin fraction produced by the other of the first and 
second reactors, characterised in that the first reactor is fed with a 
feed of ethylene and diluent having an ethylene 

content of at least 70 wt % based on the weight of the diluent and in 
that in the first reactor the slurry of polyethylene in the diluent has 
a solids content of at least 30 wt % based on the 
weight of the diluent. 
SUMM EP-A-649,860 discloses of process for co-polymerising ethylene 
in two liquid full loop reactors serially connected, 

wherein the comonomer is introduced in the first reactor, wherein the 
high molecular weight fraction of the polymer is produced in the first 
reactor and the low molecular weight fraction is produced in the second 
reactor and wherein the transfer from the first to the second reactor is 
operated through one or more settling legs. 

SUMM EP-A-580,930 discloses a process for homo- or co-polymerising 
ethylene in two liquid full loop reactors 

serially connected, v/herein the comonomer is introduced in the first 
reactor and wherein the concentration of hydrogen is very low in the 
first reactor and very high in the second reactor. 

SUMM EP-A-832,905 discloses a process for preparing ethylene homo- 
or co-polymers in two liquid full loop reactors 

serially connected, in the presence of a chromium-based catalyst, 
wherein a low molecular weight homopolymer of ethylene is 

produced in the first reactor and a high molecular weight homo- or 
co-polymer of ethylene is produced in the second reactor. 

SUMM WO 92/12181 discloses a method for homo- or co-polymerising 
ethene in the presence of a Ziegler-Natta catalyst and a 

possible comonomer and hydrogen. The polymerisation is carried out in a 
loop reactors at a temperature higher than the 

critical temperature but lower than the melting temperature of 
ethene, and at a pressure higher than the critical pressure of 
the mixture. 



SUMM In single slurry loop reactors for the production of 

monomodal polyethylene resins, it is known that if the pump which is 
provided in the loop reactor for circulating the 

slurry around the loop is provided with high output power, this can lead 

to higher solids concentration in the slurry 

circulating around the reactor. Furthermore, the solids 

concentration can also be increased by using a circulating pump 

having a diameter that is larger than the diameter of the reactor tube. 

This is achieved by providing a localised enlargement in the reactor 

tube at the location of the propeller or vanes of the pump. Furthermore, 
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it is known that the replacement of the conventional settling legs in a 
slurry loop reactor, which are provided for periodic 
and sequential take off of the polyethylene fluff by a so-called 
"continuous product take off" can also lead to higher solids 
concentration in the reactor. 

SUMM The present invention provides a process for producing bimodal 

polyethylene resins in two reactors in series, the process comprising 
producing a first polyethylene resin fraction in a first slurry 
loop reactor in a diluent in the presence of a 

catalyst and producing a second polyethylene resin fraction in a second 

slurry loop reactor, serially connected to the first 

reactor, in the diluent in the presence of the catalyst, the first 

polyethylene resin fraction being passed from the first reactor to the 

second reactor together with the catalyst, one of the first and second 

reactors producing a resin fraction of higher molecular than the resin 

fraction produced by the other of the first and second reactors, 

characterised in that the first reactor is fed with a feed of 

ethylene and diluent having an ethylene content of at 

least 70 wt % based on the weight of the diluent and in that in the 

first reactor the slurry of polyethylene in the diluent has a 

solids content of at least 30 wt % based on the weight 

of the diluent. 

DRWD FIG. 1 is a schematic diagram of an apparatus comprising two serially 
connected slurry loop reactors for use in an 

embodiment of the process for producing bimodal polyethylene resins in 
accordance with the present invention; 
DRWD FIG. 2 is an enlarged schematic view of part of a settling leg of the 
first slurry loop reactor of the apparatus of FIG. 
1; 

DETD Referring to FIG. 1, there is shown schematically an apparatus for 

producing bimodal polyethylene resins in accordance with the invention 
in two reactors in series. The apparatus, designed generally as 2, 

comprises a first slurry loop reactor 4 and a second 
slurry loop reactor 6 serially connected thereto and 
downstream thereof. The first slurry loop reactor 4 

is provided with a feed, indicated as feed No. 1, along an inlet line 8. 
Feed No. 1 comprises ethylene monomer, one of (a) a comonomer 

comprising at least one a- olefin having from 3 to 12 

carbon atoms or (b) hydrogen, and a catalyst. The catalyst may comprise 
a Ziegler-Natta catalyst, a chromium-based catalyst, in particular 
comprising chromium oxide deposited on a support such as silica, a 
metallocene catalyst, or a LTM (Late Transition Metal) catalyst. The 

slurry loop reactor 4 is of generally known 

construction and is provided with a settling leg 10 which depends 
downwardly from the first slurry loop reactor 4. In 

this embodiment the settling leg 10 is located at the upper portion 9. 
At the bottom of the settling leg 10 is provided a valve 12 for 

selective and periodic removal of polyethylene fluff from the settling 
leg 10. In large scale reactors, there is a series of legs (like 10) and 
corresponding valves (like 12) operating successively. For continuous 
product take off, valve 12 remains open. An outlet line 14 communicates 
between the valve 12 and the second slurry loop 
reactor 6 for feeding from the first slurry loop 
reactor 4 to the second slurry loop reactor 

6 the first polyethylene resin fraction produced in the first slurry 

loop reactor together with the catalyst. The first 

slurry loop reactor 4 is additionally provided with 

a pump 16 which includes a propeller 18 driven by a motor 20. The 
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propeller 18 is located in a lower portion 22 of the first slurry 
loop reactor 4 and the lower portion 22 is provided 

with an increased internal diameter (D) compared to the internal 
diameter (d) of the remaining parts of the first slurry loop 
reactor 4. 

DETD The second slurry loop reactor 6 is also provided 

with a respective inlet line 24 through which a feed (feed No. 2) of 
additional ethylene monomer and one of (a) a comonomer 
comprising an a- olefin having from 3 to 12 carbon atoms 
or (b) hydrogen are fed to the second slurry loop 
reactor 5. The second slurry loop reactor 6 

is also provided with a respective settling leg 26 and associated valve 
28, in this embodiment located at an upper portion 29 of the second 
slurry loop reactor 6. An outlet line 30 is provided 

at the downstream end of the valve 28 for feeding the ultimate bimodal 
polyethylene resin, comprising a blend of the first and second 
polyethylene resin fractions respectively produced in first and second 
reactors 4,6, for further processing, for example by an extruder (not 
shown) . 

DETD The second slurry loop reactor 6 is additionally 

provided with a respective pump 32 comprising a propeller 34 driven by a 
motor 36. 

DETD In one aspect of the process of the invention, a relatively high 

molecular weight polyethylene resin fraction is produced in the first 
slurry loop reactor 4 by copolymerisation of 

ethylene and the comonomer and a relatively low molecular weight 
polyethylene resin fraction is produced in the second slurry 
loop reactor 6 by homopolymerisation of 

ethylene in the presence of hydrogen. In an alternative aspect 

of the invention the low molecular weight resin fraction is produced in 

the first slurry loop reactor 4 and the high 

molecular weight fraction is produced in the second slurry loop 
reactor 6. For either aspect, it has been found that the use of 
a high solids concentration in the first 

loop reactor leads to improved mechanical properties 
of the resultant bimodal polyethylene resin blend. 
DETD In accordance with the process of the invention, the slurry circulated 
around the first slurry loop reactor 4 by the pump 
16 has a solids content of at least 30 wt % based on 
the weight of the diluent, more preferably from 30 to 50 wt % for a 
Ziegler-Natta catalyst or from 35 to 60 wt % for a metallocene catalyst. 
Most preferably, for either catalyst, the solids 
content of the slurry in the first slurry loop 

reactor 4 is at least 40 wt % or more preferably at least 45 wt 
% based on the weight of the diluent. 
DETD The higher solids content in the first loop 

reactor is achieved by providing that the feed for the first 
slurry loop reactor 4 has an ethylene 

content of at least 70 wt % based on the weight of the diluent, more 

preferably from 85 to 250 wt %, yet more preferably above 90 wt % for 
Ziegler-Natta catalysts and preferably from 90 to 250 wt %, more 
preferably above 110 wt %, based on the weight of the diluent, for a 
metallocene catalyst. 
DETD In the first slurry loop reactor 4, the first 

polyethylene resin fraction is polymerised and progressively the 
polyethylene resin fluff settles in the settling leg 10. An enlarged 
schematic view of the settling leg 10 is illustrated in FIG. 2. It may 
be seen that the polyethylene resin fluff 38 has progressively settled 
at the bottom of the settling leg 10. The valve 12 is ordinarily closed. 
When it is desired to transfer the first polyethylene resin fraction 38 
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from the first slurry loop reactor 4 to the second 
slurry loop reactor 6, together with the catalyst 

therein, the valve 12 is opened and a volume V, as shown in FIG. 2, of 
both the polyethylene resin fluff 38 and a minor proportion of slurry 40 
is transferred along outlet line 14 to the second slurry loop 
reactor 6 . 

DETD In order to enhance reactor independence between the first and second 
slurry loop reactors 4,6, it is desired that the 

proportion of slurry 40 in the volume V is minimized. This not only 
ensures a maximum efficiency in the transfer of the first polyethylene 
resin fraction 38 from the first reactor 4 to the second reactor 6, but 
also ensures that the transfer of comonomer or hydrogen, depending on, 
respectively, whether or not the high molecular weight or low molecular 
weight fraction is polymerised in the first slurry 
loop reactor 4, is transferred additionally in the 
volume V to the second slurry loop reactor 6. 

Desirably, the amount of comonomer or hydrogen transfer to the second 
slurry loop reactor is minimized in order to ensure 

reactor independence, leading not only to a high difference in density 
between the first and second polyethylene resin fractions, but also a 
large difference in the molecular weight. Ideally, the high molecular 
weight/low density polyethylene resin fraction should be as low as 
possible in density and high as possible in molecular weight. Equally, 
the low molecular weight/high density polyethylene resin fraction should 
be as high as possible in density and as low as possible in molecular 
weight . 

DETD Referring to FIG. 3, it may be seen that the amount of the polyethylene 
fluff in the region V shown in FIG. 2 tends to increase with an increase 
in the solids content of the slurry in the first 
slurry loop reactor. It may thus be seen that an 
increase of the solids content of the slurry 
circulated around the first slurry loop reactor 

enhances the proportion of polyethylene fluff transferred from the 
settling leg of the first reactor 4 to the second reactor 6, which in 

turn reduces the amount of comonomer or hydrogen transferred to the 
second reactor 6, which again in turn increases reactor independence. 
DETD Thus when using a Ziegler-Natta catalyst for example, the bulk density 
is relatively low and so the maximum solids content 
is achieved by utilising a maximum ethylene/diluent weight 
ratio in the first reactor of about 1.2. In contrast, when using a 
metallocene catalyst the maximum bulk density of the polyethylene fluff 
is higher, up to about 0.5 g/cc, and this permits a higher maximum 
ethylene/diluent ratio of about 2.5 to be employed. Around 92 to 
99.5% of the ethylene feed into the first loop 
reactor is polymerised to polyethylene and so the 
ethylene/diluent ratio is selected for achieving the maximum 
solids content to achieve maximum settling, but with 
the corresponding minimum proportion of ethylene in the 

diluent which is dependent upon the achievable bulk density based on the 

catalyst employed. 
DETD The polymerisation temperature in the first loop 

reactor 4 typically ranges from 70 to 100° C, most 

preferably about 80° C. when the HMW fraction is produced in the 

first reactor and from 80 to 120° C, most preferably around 

95° C. when the LMW is produced in the first reactor. The 

polymerisation temperature also affects the particular solids 

content of the slurry employed, because an increase in 

temperature tends to lower the viscosity of the diluent. The 

polymerisation pressure is from 30 to 90 bars, most preferably about 41 

bars . 
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DETD In order to use a higher solids content in the first 
slurry loop reactor 4, the minimum operating pump 

power of the pump 16 is relatively high and preferably the diameter D of 
the lower portion 22 of the first slurry loop reactor 

4 in which the propeller 18 is located is increased to permit the pump 
more readily to circulate the higher solids content 
slurry around the first slurry loop reactor 4. The 
power needed to circulate a slurry having a given solids 
content around the reactor depends on the reactor diameter. If 
the reactor diameter is increased, less povjer is required, but that is 
at the expense of the cooling surface area and consequently at the 
expense of reactor throughput. For a reactor of particularly large size, 
the dissipation of such high power may require the provision of multiple 
pumping sections or a pumping section with a large pump diameter, which 
allows dissipation of the pumping power in a larger volume of slurry, 
thereby avoiding the potential of cavitation in the slurry. The 
provision of pumps in two different pumping sections has the drawback 
that there is a higher probability of bearing problems with two pumps 
and there is also a requirement for a long horizontal section between 
the two pumps or a reactor with a larger number of vertical legs. The 
present inventor has determined that for a variety of reactor sizes 
represented by a reactor volume, there is a preferred internal diameter 
for the reactor, a preferred pump minimum operating power and a most 
preferred pump minimum operating power. The corresponding values for 
three reactor sizes of 19,70 and 100 m.sup.3 are summarised in Table 1. 
DETD In the second slurry loop reactor 6, the inventor 

has found that the degree of settling of the polyethylene resin fluff in 
the settling leg 26 of the second slurry loop reactor 

6 tends to increase with a corresponding increase in solid fraction and 

in the bulk density of the polyethylene resin fluff in the second slurry 
loop reactor 6. For large scale production of bimodal 
polyethylene pipe resins, the second slurry loop 
reactor 6 may additionally be provided with a larger diameter 
circulating pump 32 having a construction similar to that of the pump 16 
for the first reactor 4 illustrated in FIG. 1 and continuous produce 
take-off through the settling leg 26, which would then be provided at 
the bottom of the loop. This would provide the advantages of high plant 
throughput and high catalyst productivity. The continuous product take 
off provides also the advantage of increasing plant reliability by 
eliminating a series of settling legs and corresponding valves. 
DETD The present inventor has found that when the solids fraction of the 
slurry circulating around the first slurry loop 

reactor 4 is above 45 wt %, it is possible to employ, instead of 
periodic polyethylene fluff removal through the settling leg 10 
illustrated in FIG. 1, continuous removal of the polyethylene fluff 
through a settling leg provided at the bottom of the reactor, which is 
thus absent a valve or which is just working with a open valve, this 
valve being closed for example for reactor filling operations. The 
polyethylene resin fraction produced in the first reactor is removed 
continuously from the settling leg and continuously transferred to the 
second reactor 6 . 
DETD Provided the solids concentration is sufficiently 

high, that is above 45% of solids, this does not reduce significantly 
the reactor independence. Such continuous removal and transfer of the 
first polyethylene resin fraction tends to reduce the possibility of the 
settling leg being plugged by the resin and leakage problems. Moreover, 
it is believed by the inventor that the use of a continuous product 
take-off as compared to a discontinuous produce take-off may tend to 
increase the solids concentration in the first 
slurry loop reactor 4. 
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DETD The inventor has found that the use of a high solids 
concentration in the first loop reactor 

leads not only to improved mechanical properties of the polyethylene 
resin blend but also by maximising the solids 

concentration in the first reactor, in particular by using a 
larger pump diameter and optionally continuous product transfer of the 
polyethylene resin fraction to the second reactor at the end of a 
settling section, this leads to improved reactor throughput, improved 
product properties and improved catalyst productivity. 
DETD In accordance with one preferred aspect of the invention, the diluent 

may be present under supercritical conditions. Thus the diluent is at a 
pressure greater than the critical pressure Pc and at a temperature 
greater than the critical temperature Tc. Under these conditions, there 
is no thermodynamic transition between the gas phase and the liquid 
phase and the homogeneous supercritical fluid has the properties of a 
dense gas and a low density liquid. Either or both of the two 
loop reactors may be employed with supercritical 
diluent. When the first loop reactor is operated 

under supercritical conditions, the pressure is typically from 37 to 100 
bars, more preferably from 50 to 90 bars, yet more preferably from 55 to 
70 bars and the temperature is typically from 70 to 140° C, more 
preferably from 80 to 100° C. Under supercritical conditions, as 
a result of faster settling and increased packing of the polyethylene 
fluff at the bottom of the settling leg, significantly less diluent is 
additionally removed with the polyethylene resin fraction under 
supercritical conditions as compared to subcritical conditions. This 
assists in enhancing the independence of the two reactors. 
DETD The apparatus of FIG. 1 was employed to produce a bimodal polyethylene 
resin in which in the first slurry loop reactor a 

high molecular weight fraction was produced by copolymerisation of 
ethylene and 1-hexene and in the second slurry loop 
reactor the low molecular vjeight fraction was produced by 
homopolymer isation of ethylene in the presence of hydrogen. In 
the first reactor the temperature was 80 ° C. and the pressure 
was 42 bars and in the second reactor the temperature was 90° C. 
and the pressure was 41 bars. The catalyst comprised a Ziegler-Natta 
catalyst activated with an alkyl aluminium. The first reactor was fed 
with a feed of ethylene, comonomer and diluent, the diluent 
comprising isobutane, with the ethylene content of the feed 
being 71 wt % based on the weight of the diluent. The comonomer 
concentration in the first reactor was adapted to reach the required 
density, higher comonomer content resulting in lower density. The 
remaining process parameters, comprising the solids 
content in the first reactor (Rl); the throughput through the 
reactors in tonnes per hour, the ratio of ethylene to diluent 
outputted from the first reactor (Rl) (corresponding substantially (99%) 
to the ratio of ethylene to diluent inputted to the first 
reactor (Rl)); the ratio between 1-hexene and ethylene in the 
second reactor (R2) ; and the ratio between the hydrogen and 
ethylene contents in the second reactor (R2), are specified in 
Table 2. 
CLM What is claimed is: 

1. A process for producing bimodal polyethylene resins in two reactors 
in series, the process comprising producing a first polyethylene resin 
fraction in a first slurry loop reactor in a diluent 

in the presence of a catalyst and producing a second polyethylene resin 
fraction in a second slurry loop reactor, serially 

connected to and downstream of the first reactor, in the diluent in the 
presence of the catalyst, the first polyethylene resin fraction being 
passed from the first reactor to the second reactor together with the 



S/N 10/572817 



catalyst, producing in one of the first and second reactors a resin 
fraction of higher molecular weight than the molecular weight of the 
resin fraction produced by the other of the first and second reactors, 
supplying the first reactor with a feed of ethylene and 
diluent having an ethylene content of at least 70 wt. % based 
on the weight of the diluent wherein in the first reactor the slurry of 
polyethylene in the diluent has a solids content of 
at least 30 wt. % based on the weight of the diluent. 

CLM What is claimed is: 

14. A process for producing a bimodal polyethylene resin in first and 

second slurry loop reactors connected in a series 

comprising: (a) supplying a feed comprising a diluent, ethylene 

in an amount within the range of 70-250 wt . % based upon the weight of 

said diluent, an alpha olefin comonomer having from three to 

12 carbon atoms and a polymerization catalyst to said first reactor; (b) 

copolymerizing said ethylene and said comonomer in said first 

reactor to produce a relatively high molecular weight copolymer resin 

fraction in said first reactor; (c) transferring said copolymer 

fraction, diluent and catalyst from said first slurry loop 

reactor to said second slurry loop reactor; 

(d) supplying a feed stream comprising ethylene and hydrogen 

to said second reactor; (e) polymerizing ethylene in the 

presence of hydrogen in said second reactor to produce a second 

polyethylene resin fraction in said second reactor by the 

homopolymer ization of ethylene in the presence of hydrogen, 

said second polyethylene resin fraction having a lower molecular weight 

than the resin fraction produced in said first reactor; and (f) 

recovering a bimodal polyethylene resin comprising said copolymer and 

said homopolymer from said second reactor. 

CLM What is claimed is: 

21. A process for producing a bimodal polyethylene resin in first and 
second slurry loop reactors connected in a series 

comprising: (a) supplying a feed comprising a diluent, ethylene 

, hydrogen and a polymerization catalyst to said first reactor wherein 

the ethylene concentration in the feed supplied to 

said first reactor is within the range of 70-250 wt . % based upon the 

weight of the diluent; (b) polymerizing said ethylene in said 

first reactor to produce a relatively low molecular weight polyethylene 

resin fraction in a slurry in the diluent in said first reactor; (c) 

transferring said polyethylene resin fraction, diluent and catalyst from 

said first slurry loop reactor to said second slurry 

loop reactor; (d) supplying a feed stream comprising 

ethylene and a C . sub. 3-C . sub. 12 alpha olefin comonomer 

to said second reactor; (e) copolymerizing said ethylene and 

said C . sub. 3-C . sub. 12 alpha olefin comonomer in said second 

reactor to produce a second copolymer resin fraction in said second 

reactor by the copolymerization of ethylene and said 

C . sub. 3-C . sub. 12 alpha olefin, said second copolymer resin 

fraction having a higher molecular weight than the resin fraction 

produced in said first reactor; and (f) recovering a bimodal 

polyethylene resin comprising said copolymer and said homopolymer from 

said second reactor and supplying said bimodal polyethylene resin for 

further processing in an extruder without additional polymerization. 

CLM What is claimed is: 

22. A process for producing a bimodal polyethylene resin in first and 
second slurry loop reactors connected in a series 

comprising: (a) supplying a feed comprising a diluent, ethylene 
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, hydrogen and a metallocene polymerization catalyst to said first 
reactor; (b) polymerizing said ethylene in said first reactor 

to produce a relatively low molecular v/eight polyethylene resin fraction 
in a slurry in the diluent in said first reactor wherein said catalyst 
is a metallocene catalyst and the slurry in the first reactor has a 
solids content within the range of 35 to 60 wt. % 

based on the weight of the diluent; (c) transferring said polyethylene 

resin fraction, diluent and catalyst from said first slurry loop 

reactor to said second slurry loop reactor; 

(d) supplying a feed stream comprising ethylene and a C3-C12 

alpha olefin comonomer to said second reactor; (e) 

copolymerizing said ethylene and said C3-C12 alpha 

olefin comonomer in said second reactor to produce a second 

copolymer resin fraction in said second reactor by the copolymerization 

of ethylene and said C3-C12 alpha olefin, said 

second copolymer resin fraction having a higher molecular weight than 
the resin fraction produced in said first reactor; and (f) recovering a 
bimodal polyethylene resin comprising said copolymer and said 
homopolymer from said second reactor and supplying said bimodal 
polyethylene resin for further processing in an extruder without 
additional polymerization. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

TI Slurry polymerization reactor having large 

length/diameter ratio 

AB A polymerization loop reactor including a 

loop reaction zone, a continuous takeoff, and a fluid slurry 

disposed in the reaction zone. A generally cylindrical wall defines the 

loop reaction zone. The length of the loop reaction zone and the nominal 

outside diameter of the generally cylindrical wall define a 

length/diameter ratio greater than 250. The reactor can be charged with 

a fluid slurry including an olefin monomer reactant, solid 

olefin polymer particles, and a liquid diluent. The 

concentration of the solid olefin polymer particles in the 

slurry can be greater than 40 weight percent based on the weight of 

polymer particles and the weight of liquid diluent. Also disclosed is a 

polymerization process carried out by polymerizing, in the loop reaction 

zone of a reactor as defined above, at least one olefin 

monomer in a liquid diluent to produce a fluid slurry as defined above. 
SUMM Addition polymerizations are frequently carried out in a liquid that is 
a solvent for the resulting polymer. When high-density (linear) 
ethylene polymers first became commercially available in the 
1950 's this was the method used. It was soon discovered that a more 
efficient way to produce such polymers was to carry out the 
polymerization under slurry conditions. More 

specifically, the polymerization technique of choice became continuous 
slurry polymerization in a pipe loop 

reactor with the product being taken off by settling legs that 
operated on a batch principle to recover product. This technique has 

enjoyed international success with billions of pounds of 

ethylene polymers being so produced annually. With this success 

has come the desirability of building a smaller number of large reactors 

as opposed to a larger number of small reactors for a given plant 

capacity. 

SUMM Settling legs, however, do present two problems. First, they represent 
the imposition of a "batch" technique onto a basic continuous process. 
Each time a settling leg reaches the stage where it "dumps" or "fires" 
accumulated polymer slurry it causes an interference with the flow of 

slurry in the loop reactor upstream and the recovery 

system downstream. Also the valve mechanism essential to periodically 
seal off the settling legs from the reactor upstream and the recovery 
system downstream requires frequent maintenance due to the difficulty in 
maintaining a tight seal with the large diameter valves needed for 
sealing the legs. 

SUMM In spite of these limitations, settling legs have continued to be 
employed where olefin polymers are formed as a slurry in a liquid 
diluent. This is because, unlike bulk slurry 

polymerizations (i.e. where the monomer is the diluent) where 
solids concentrations of better than 60 percent are routinely obtained, 
olefin polymer slurries in a diluent are generally limited to no more 
than 37 to 40 weight percent solids. Hence settling legs have been 
believed to be necessary to give a final slurry product at the exit to 
the settling legs of greater than 37-40 percent. This is because, as the 
name implies, settling occurs in the legs to thus increase the solids 
concentration of the slurry finally recovered as product slurry. 



SUMM Two pertinent patents addressing loop reactors for 

slurry polymerization are U.S. Pat. Nos. 6,239,235 and 
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6,204,344, each of which is incorporated here by reference in its 
entirety for its description of loop reactors and 
their diameters, lengths, equipment, and operation. 

SUMM One aspect of the invention is a charged polymerization loop 
reactor including a loop reaction zone, a continuous 

takeoff, and a fluid slurry disposed in the reaction zone. A generally 

cylindrical wall defines the loop reaction zone. The length of the loop 
reaction zone and the nominal outside diameter of the generally 
cylindrical wall define a length/diameter ratio greater than 250. The 
fluid slurry includes at least one olefin monomer reactant, 
solid olefin polymer particles, and a liquid diluent. The 
concentration of the solid olefin polymer particles in the 
slurry is greater than 40 weight percent based on the weight of polymer 
particles and the weight of liquid diluent. The continuous take off is 
provided for continuously withdrawing the fluid slurry from the loop 
reaction zone. 

SUMM Another aspect of the invention is a polymerization loop 

reactor including a loop reaction zone and a 

continuous takeoff. A generally cylindrical wall defines the loop 
reaction zone. The length of the loop reaction zone and the nominal 
outside diameter of the generally cylindrical wall define a 
length/diameter ratio greater than 1000. The continuous take off is 
provided for continuously withdrawing a fluid slurry from the loop 
reaction zone. 

DRWD FIG. 1 is a schematic perspective view of a loop 

reactor and polymer recovery system; 
DRWD FIG. 5 is a side view of an elbow of the loop reactor 

showing both a settling leg and continuous take off assemblies; 
DETD Surprisingly, it has been found that continuous take off of product 

slurry in an olefin polymerization reaction 

carried out in a loop reactor in the presence of an 

inert diluent allows operation of the reactor at a much higher 

solids concentration. Commercial production of 

predominantly ethylene polymers in isobutane diluent has 

generally been limited to a maximum solids 

concentration in the reactor of 37-40 weight percent. However, 

the continuous take off has been found to allow significant increases in 

solids concentration. Furthermore, the continuous take 

off itself brings about some additional increase in solids 

content as compared with the content in the reactor from which 

it takes off product because of the placement of the continuous take off 

appendage, which selectively removes a slurry from a stratum where the 

solids are more concentrated. Hence concentrations of 

greater than 40 weight percent are possible in accordance with this 

invention . 

DETD The present invention is applicable to any olefin 

polymerization in a loop reactor utilizing a diluent 

so as to produce a product slurry of polymer and diluent. Suitable 

olefin monomers are 1-olefins having up to 8 carbon 

atoms per molecule and no branching nearer the double bond than the 
4-position. The invention is particularly suitable for the 

homopolymerization of ethylene and the copolymerization of 
ethylene and a higher 1-olefin such as butene, 

1-pentene, 1-hexene, 1-octene or 1-decene. Especially preferred is 
ethylene and 0.01 to 10, preferably 0.01 to 5, most preferably 
0.1 to 4 weight percent higher olefin based on the total 
weight of ethylene and comonomer. Alternatively sufficient 
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comonomer can be used to give the above-described amounts of comonomer 
incorporation in the polymer. 
DETD Referring now to the drawings, there is shown in FIG. 1 a loop 
reactor 10 having vertical segments 12, upper horizontal 

segments 14 and lower horizontal segments 15 of reactor piping, some or 
all of which have generally cylindrical walls, joined end to end by 
junctions such as elbows to form a complete circuit or loop, sometimes 
referred to as a loop reaction zone, of a certain length. These upper 
and lower horizontal segments define upper and lower zones of horizontal 
flow. In this embodiment, each bend or elbow 20 is smooth, thus 
providing a continuous flow path substantially free from internal 
obstructions . 

DETD The reaction slurry is circulated by an impeller 22 (shown in FIG. 8) 

driven by a motor 24. As shown in FIG. 8, the impeller 22 and the casing 
or reactor wall surrounding the impeller can be greater in diameter than 
the general diameter of the piping forming the reactor. This feature is 
particularly desirable where the loop reactor has a 

high length/outside diameter ratio, creating greater resistance to flow 
around the loop than would be found in a loop having a lower ratio. 

DETD Since the volumetric flow of material is essentially identical through 

each cross-section of the reactor, the use of a larger-diameter impeller 
22 and a larger impeller motor 24 than usual for the general size of 
pipe in the loop increases the velocity of flow through the 
normal-diameter piping. An increased velocity is desirable to avoid the 
need for additional time for the components of the slurry to travel 
around the loop in a reactor having a high 
Length/Outside Diameter ratio. 

DETD It will also be appreciated that the reactor loop 

may have more than one impeller or more than one impeller /motor 
combination in series around the loop. The series impellers may be close 
together, distributed about the loop, or otherwise arranged in any 
appropriate manner. It is contemplated that existing pump technology can 
support a reactor of roughly 44,000 or 45,000 gallons (166 or 170 
m.sup.3), depending on its diameter and configuration. This assumes a 
circulation velocity of 32 ft/s (9.75 m/s) is maintained. 

DETD Referring to the Figures, the reacting monomer, comonomer, if any, and 
make up diluent are introduced via lines 26 and 28 respectively which 
can enter the reactor directly at one or a plurality of locations or can 
combine with the condensed diluent recycle line 30 as shown. The 
catalyst is introduced via a catalyst introduction port 32, which 
provides a zone (location) for catalyst introduction. The elongated 
hollow appendage for continuously taking off an intermediate product 
slurry is designated broadly by the reference character 34. The 
continuous take off mechanism 34 is located in or adjacent to a 
downstream end of one of the lower horizontal reactor 
loop sections 16 and adjacent or on a connecting elbow 20. While 
continuous take off is generally preferred, the reactor could also be 
used with settling legs or intermittent take off, in whole or in part, 
without departing from certain aspects of the invention. 

DETD The continuous take off appendage is shown at the downstream end of a 
lower horizontal segment of the loop reactor, which 

is the preferred location. The location can be in an area near the last 
point in the loop where flow turns upward before the catalyst 
introduction point so as to allow fresh catalyst the maximum possible 

time in the reactor before it first passes a take off point. However, 
the continuous take off appendage can be located on any segment or any 
elbow . 

DETD As can be seen from the relative sizes, the continuous take off 

cylinders are much smaller than the conventional settling legs. Yet 
three 2-inch (5-cm) ID continuous take off appendages can remove as much 
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DETD 



DETD 



DETD 



product slurry as fourteen 8-inch (20-cm) ID settling legs. This is 
significant because with current large commercial loop 
reactors of 15,000-18,000 gallon (57-68 m.sup.3) capacity, six 
8-inch (20-cm) settling legs are required. It is not desirable to 
increase the size of the settling legs because of the difficulty of 
making reliable valves for larger diameters. As noted previously, 
doubling the diameter of the pipe increases the volume four-fold and 
there simply is not enough room for four times as many settling legs to 
be easily positioned. Hence, the invention makes feasible the operation 
of larger, more efficient reactors. Reactors of 30,000 gallons (114 
m.sup.3) or greater are made possible by this invention. Generally the 
continuous take off cylinders will have a nominal internal diameter 
within the range of 1 inch (2.5 cm) to less than 8 inches (20 cm). 
Preferably they will be about 2-3 inches (5-7.5 cm) internal diameter. 
Commercial pumps for utilities such as circulating the reactants in a 
closed loop reactor are routinely tested by their 

manufacturers and the necessary pressures to avoid cavitation are easily 
and routinely determined. 

Representative loop reactor length/reactor 

outside diameter ratios are calculated in Table 5 for the various 
loop reactors described in U.S. Pat. Nos. 6,239,235 

and 6,204,344. In Table 5, the "Row" column is added for easy reference 
to a particular row of data. The "Reference" column indicates which 
patent discloses the reactor in question (the '235 patent or the '344 
patent), and at what column and line of the patent the disclosure is 
found, (for example, the first entry indicates a description in the '235 
patent, col. 7, lines 12-14). "OD" indicates the nominal or outside 
diameter of the reactor pipe (this should not be confused with the 
diameter of the loop, which would be much greater), "ID" indicates the 
inside diameter of the reactor pipe. "Length" is the length of the 
reactor (i.e. one circuit of the reactor loop). 

"Vol." is the volume of the reactor. "L/OD ratio" is the ratio of the 
reactor length to the pipe diameter, expressed in the same units so the 
ratio is unitless. 

Speaking more generally, the inventors contemplate that the 
Length/Outside Diameter ratio of a loop reactor 

should be increased to a greater value than the corresponding ratios of 
preexisting reactors, to provide a more favorable ratio of reactor 
volume to heat transfer area, for more efficient cooling. If the ratio 

is increased by using relatively small diameter piping for the loop, a 
double advantage to heat transfer is gained. First, the area of the 
piping in relation to its volume increases. Second, the wall thickness 
of the piping can be reduced, as smaller-diameter piping is stronger per 
unit surface area and the saltation velocity of the slurry is lower, so 
the pressure head can be reduced. Both factors increase heat transfer 
across the pipe wall. 



DETD 
TABLE 



(English Units) 
Description 

Avg. Reactor Solids 

Concentration, wt . ° 
Polymer Production 
Rate, mlbs/hr 
Reactor Circulation 
Pump Power, kw 
Circulation Pump 



24 in Pump 
39 

40 . 1 

430 

14.3 



26 in Pump 
45 

40.7 

691 
22.4 



26 in Pump + 
CTO 

53 

39.9 

753 

23.7 
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Pressure Diff, psi 



Circulation Pump 


61.8 


92.5 


92.4 


Head, ft 








Reactor Slurry Flow 


39 


46 


45 


Rate, mGPM 








Reactor Slurry 


0.534 


0.558 


0.592 


Density, 








gm/cc 








Reactor Temperature, 
F. 


215.6 


218.3 


217.0 


Ethylene 


4.43 


3.67 


4.9 


Concentration, 








wt % 








Hexene-1 


0.22 


0.17 


0.14 


Concentration, 








wt % 








Reactor Heat 


0 "7 n 


0 C 0 

z o z 


0/11 
Z 4i 1 


Transfer 








Coefficient 








Reactor Inside 


22.0625 


22.0625 


22.0625 










Reactor Volume, gal 


18700 


18700 


18700 


Reactor Length, ft 


941 


941 


941 


Pressure Drop per 


0.066 


0.098 


0.098 


Foot of Reactor, ft/ft 








(Metric Units) 














0.66 m Pump + 


Description 


0.61 m Pump 


0.66 m Pump 


CTO 


Avg. Reactor Solids 


39 


45 


53 


concentration, wt . % 








Polymer Production 


18.2 


18.5 


18.1 


Rate, metric tons/hr 








Reactor Circulation 


430 


691 


753 


Pump Power, kw 








Circulation Pump 


9.86 


15.4 


16.3 


Pressure Diff, N/cm.sup.2 






Circulation Pump 


18.8 


28.2 


28.2 


Head, m 








Reactor Slurry Flow 


148 


174 


170 


Rate, m.sup.3/min 








Reactor Slurry 


0.534 


0.558 


0.592 


Density, 








gm/cc 








Reactor Temperature, 


102 . 0 


103.5 


102.7 


EC 








Ethylene 


4.43 


3.67 


4.9 


Concentration, 








wt % 








Hexene-1 


0.22 


0 .17 


0 .14 


Concentration, 








wt % 








Reactor Heat 








Transfer 








Coefficient 








Reactor Inside 


56.04 


56.04 


56.04 


Diameter, cm 








Reactor Volume, m.sup. 


3 70.80 


70.80 


70.80 


Reactor Length, m 


287 


287 


287 
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Pressure Drop per 0.066 0.098 0.098 

Meter of Reactor, 

m/m 

"CTO" means "Continuous Take Off" 
CLM What is claimed is: 

1. A polymerization loop reactor comprising: a 

loop reaction zone configured to polymerize an olefin 

monomer into a polyolefin in the presence of a diluent and defined by a 
generally cylindrical wall having a nominal outside diameter of at least 
22 inches (55 cm), wherein a length/diameter (L/D) ratio of the 
generally cylindrical wall is in the range of 700 to about 1500; an 
impeller disposed within the loop reaction zone within a casing portion 
of the generally cylindrical wall, the casing portion having a first 
inside diameter, and the remaining portion of the cylindrical wall 
having at least a second inside diameter, wherein the first inside 
diameter is larger than the second inside diameter; and a continuous 
take off (CTO) positioned along the generally cylindrical wall and 
configured to substantially continuously withdraw a discharge slurry 
having a solids concentration greater than an 
average solids concentration of the slurry 
circulating through the loop reaction zone. 

CLM What is claimed is: 

2. The polymerization loop reactor of claim 1, 
wherein the solids concentration of the discharge 
slurry is greater than 50 weight percent. 

CLM What is claimed is: 

3. The polymerization loop reactor of claim 1, 

wherein a flow path of the CTO is configured substantially tangential to 
a curvature of an elbow of the generally cylindrical wall. 

CLM What is claimed is: 

4. The polymerization loop reactor of claim 1, 

wherein a diameter of the impeller is at least as large as the second 
inside diameter of the generally cylindrical wall. 

CLM What is claimed is: 

5. The polymerization loop reactor of claim 1, 

wherein the casing portion of the generally cylindrical wall has a first 
nominal outside diameter and the remaining portion of the generally 
cylindrical wall has at least a second nominal outside diameter, wherein 
the first nominal outside diameter is larger than the second nominal 
outside diameter. 

CLM What is claimed is: 

6. The polymerization loop reactor of claim 5, 

wherein the first nominal outside diameter is at least about 2 inches 
larger than the second nominal outside diameter. 

CLM What is claimed is: 

7. The polymerization loop reactor of claim 6, 

wherein the impeller is sized to circulate at least about 34,000 gallons 
per minute (gpm) of the slurry through the loop reaction zone. 

CLM What is claimed is: 

8. The polymerization loop reactor of claim 1, 

wherein the nominal outside diameter is about 24 inches (57 cm), about 
26 inches (66 cm), about 28 inches (70 cm), or about 30 inches (76 cm). 
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CLM What is claimed is: 

9. The polymerization loop reactor of claim 1, 

wherein a size and a geometry of the impeller are configured to provide 
for circulation of the slurry through the loop reaction zone at a 
velocity greater than the saltation velocity of the slurry. 



CLM What is claimed is: 

10. The polymerization loop reactor of claim 1, 
wherein the loop reactor zone has a volume of at 
least 22,000 gallons (84 m.sup.3). 



CLM What is claimed is: 

11. The polymerization loop reactor of claim 1, 
wherein the loop reactor zone has a volume of at 
least 40,000 gallons (152 m.sup.3). 

CLM What is claimed is: 

12. The polymerization loop reactor of claim 1, 
wherein the loop reactor zone has a volume at least 
45.000 gallons (76 m.sup.3). 

CLM What is claimed is: 

13. The polymerization loop reactor of claim 1, 
wherein the loop reactor zone has a volume of 
greater than 30,000 gallons (114 m.sup.3). 



CLM What is claimed is: 

14. The polymerization loop reactor of claim 1, 

wherein an average solids concentration of the 

slurry circulating through the loop reaction zone is greater than about 
50 weight percent. 

CLM What is claimed is: 

15. The polymerization loop reactor of claim 1, 

wherein the CTO is configured to facilitate pressure control of the loop 
reaction zone. 



CLM What is claimed is: 

16. A polymerization loop reactor comprising: a 
loop sluny reactor configured to polymerize 

olefin into polyolefin, and comprising: a reaction zone having a 
volume of at least about 22,000 gallons and defined by a generally 
cylindrical wall having a nominal outside diameter of at least 22 inches 
(55 cm), wherein a ratio of a length of the loop reaction zone to the 
nominal outside diameter is in the range of 700 to about 1500; an 
in-line impeller disposed in the reaction zone, wherein a first inside 
diameter of a casing portion of the generally cylindrical wall 
surrounding the in-line impeller is larger than a second inside diameter 
of a remaining portion of the generally cylindrical wall, wherein the 
in-line impeller and associated motor are configured to circulate a 
polyolefin slurry through the loop reaction zone at a velocity greater 
than a saltation velocity of the slurry; and a continuous take off (CTO) 
configured to substantially continuously withdraw the slurry from the 
loop reaction zone and to facilitate pressure control of the loop 
reaction zone. 



CLM 



What is claimed is: 

18. A polymerization loop reactor comprising: a 
loop reaction zone configured to polymerize olefin 
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into a polyolefin, and defined by a generally cylindrical wall having a 
nominal outside diameter of at least 22 inches, wherein the length of 
the loop reaction zone and the nominal outside diameter of the generally 
cylindrical wall define a length/diameter ratio in the range of 700 to 
about 1500; an in-line axial pump comprising an external motor, a 
casing, and an in-line impeller disposed within the casing, the casing 
having a casing nominal outside diameter at least about 2 inches larger 
than the nominal outside diameter of the generally cylindrical wall; and 
a plurality of continuous take offs configured to continuously withdraw 
a fluid slurry from the loop reaction zone. 

CLM What is claimed is: 

19. The polymerization loop reactor of claim 18, 

wherein a diameter of the impeller is at least as large as an inside 
diameter of the generally cylindrical wall. 

CLM What is claimed is: 

20. A polyethylene production system comprising: a loop slurry 
reactor comprising: a loop reaction zone configured to 

polymerize ethylene into polyethylene and defined by a 

generally cylindrical wall having a nominal outside diameter of at least 
22 inches, wherein the length of the loop reaction zone and the nominal 
outside diameter of the generally cylindrical wall define a 
length/diameter ratio in the range of 700 to about 1500; an impeller 
configured to circulate a slurry through the loop reaction zone at a 
velocity greater than a saltation velocity of the slurry, wherein the 
slurry comprises polyethylene solid particles in a liquid diluent, and 
the velocity is at least 32 feet per second; and a continuous take off 
(CTO) configured to substantially continuously withdraw a discharge 
slurry from the loop reaction zone and to facilitate pressure control of 
the loop reaction zone, wherein the CTO is positioned along the 
generally cylindrical wall to so that the discharge slurry has a 
solids concentration higher than an average 
solids concentration of the circulating slurry; and a 

flash chamber configured to receive the discharge slurry and to vaporize 
liquid diluent in the discharge slurry. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

TI Continuous slurry polymerization volatile removal 

AB A process/apparatus is disclosed for continuously separating a liquid 

medium comprising diluent and unreacted monomers from a 
polymerization effluent of a slurry loop 

reactor containing a flow of slurry therein, comprising a 

discharge conduit extending a distance into the loop 

reactor; the conduit having a longitudinal axis and an opening 

inside the loop reactor; at least a portion of the 

conduit being curved along its longitudinal axis inside the loop 

reactor; and the opening substantially facing the flow of the 

slurry, wherein the discharge conduit is located within a lower leg of 

the loop reactor such that a continuous discharge of 

the polymerization effluent from a slurry reactor 

through a discharge valve and transfer conduit into a first intermediate 
pressure flash tank wherein volatile inert diluent and unreacted 
monomers are removed and the polymer solids which remain after removal 
of about 50 to 100% of the inert diluent therefrom to a second flash 
tank at a lower pressure. 
SUMM The present invention relates to an apparatus for continuously 

separating polymer solids from a liquid medium comprising an inert 
diluent and unreacted monomers in a slurry 

polymerization process. In particular, the present invention 

relates to an apparatus for continuously separating polymer solids from 
a liquid medium, drying the polymer, and recovering the diluent and 
unreacted monomers with a reduction in compression needed for diluent 
vapor condensation to liquid diluent for reuse in the polymerization 
process. In another aspect, the invention relates to a method for 
continuously separating polymer solids from a liquid medium. In 
particular, the invention relates to a method for continuously 
separating polymer solids from a liquid medium, drying the polymer, and 
recovering the inert diluent and unreacted monomers for reuse in the 
polymerization process. 

SUMM In many polymerization processes for the production of polymer, a 
polymerization effluent is formed which is a slurry of particulate 
polymer solids suspended in a liquid medium, ordinarily the reaction 
diluent and unreacted monomers. A typical example of such processes is 
disclosed in Hogan and Bank's U.S. Pat. No. 2,285,721, the disclosure of 
which is incorporated herein by reference. While the polymerization 
processes described in the Hogan document employs a catalyst comprising 
chromium oxide and a support, the present invention is applicable to any 
process producing an effluent comprising a slurry of particulate polymer 
solids suspended in a liquid medium comprising a diluent and unreacted 



S/N 10/572817 



monomer. Such reaction processes include those which have come to be 
known in the art as particle form 
polymerizations . 

SUMM In most commercial scale operations, it is desirable to separate the 

polymer and the liquid medium comprising an inert diluent and unreacted 
monomers in such a manner that the liquid medium is not exposed to 
contamination so that the liquid medium can be recycled to the 
polymerization zone with minimal if any purification. A particularly 
favored technique that has been used heretofore is that disclosed in the 
Scoggin et al, U.S. Pat. No. 3,152,872, more particularly the embodiment 
illustrated in conjunction with FIG. 2 of that patent. In such processes 
the reaction diluent, dissolved monomers, and catalyst are circulated in 
a loop reactor wherein the pressure of the 

polymerization reaction is about 100 to 700 psia. The produced solid 
polymer is also circulated in the reactor. A slurry of polymer and the 
liquid medium is collected in one or more settling legs of the slurry 
loop reactor from which the slurry is periodically 

discharged to a flash chamber wherein the mixture is flashed to a low 
pressure such as about 20 psia. While the flashing results in 
substantially complete removal of the liquid medium from the polymer, it 
is necessary to recompress the vaporized polymerization diluent (i.e., 
isobutane) in order to condense the recovered diluent to a liquid form 
suitable for recycling as liquid diluent to the polymerization zone. The 
cost of compression equipment and the utilities required for its 
operation often amounts to a significant portion of the expense involved 
in producing polymer. 

SUMM In accordance with the present invention, there is provided an apparatus 

for continuously recovering polymer solids from a polymerization 
effluent comprising a slurry of the polymer solids in a liquid 
medium comprising an inert diluent and unreacted monomers. The apparatus 
comprises a discharge valve on a slurry reactor, examples of which 
include slurry loop reactors and stirred tank slurry 
reactors, for the continuous discharge of a portion of the slurry 
reactor contents into a first transfer conduit: a first flash tank 
having a bottom defined by substantially straight sides inclined at an 
angle to the horizontal equal to or greater than the angle of slide of 
the slurry/polymer solids; wherein the pressure of the first flash tank 
and temperature of the polymerization effluent are such that from about 
50% to about 100% of the liquid medium will be vaporized and the inert 
diluent component of the vapor is condensable, without compression, by 
heat exchange with a fluid having a temperature in the range of about 
65° F. to about 135° F.: a first flash tank exit seal 

chamber, communicating with the first flash tank, of such a length (1) 
and diameter (d) as to permit such a level of 
concentrated polymer solids/slurry to accumulate and 

form a pressure seal in the first flash tank exit seal chamber: a seal 
chamber exit reducer providing for a continuous discharge of a plug flow 

of concentrated polymer solids/slurry to a second 

transfer conduit which communicates the concentrated polymer 

solids/slurry into a second flash tank wherein the pressure of 

the second flash tank and temperature of the concentrated 

polymer solids/slurry are such that essentially all of any 

remaining inert diluent and/or unreacted monomer will be vaporized and 

removed overhead for condensation by compression and heat exchange and 

the polymer solids are discharged from the bottom of the second flash 

tank for additional processing or storage. 



SUMM The invention provides also a method for the continuous removal of a 
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stream of polymerization effluent from a slurry 

reactor through a discharge valve; increasing the heat content of the 
polymerization effluent during its transit through the first transfer 
conduit to a temperature below the fusion point of the polymer while 
continuously communicating the polymerization effluent to a first flash 
tank having a bottom defined by substantially straight sides inclined at 
an angle to the horizontal equal to or greater than the angle of slide 
of the concentrated polymer solids/slurry; continuously vaporizing from 
about 50% to about 100% of the liquid medium in the first heated flash 
tank to yield a concentrated polymer solids/slurry and a vapor stream at 
such a temperature and pressure that the inert diluent content of the 
vapor is condensable, without compression, by heat exchange with a fluid 
having a temperature in the range from about 65° F. to about 
135° F.; continuously discharging the concentrated polymer 
solids/slurry from the first flash tank to a first flash tank exit seal 
chamber of such a length (1) and diameter (d) that a volume of 
concentrated polymer solids/slurry is continuously maintained so as to 
form a pressure seal in the first flash tank exit seal chamber; 
continuously discharging the concentrated polymer solids/slurry from the 
first flash tank seal chamber through a seal chamber exit reducer 
defined by substantially straight sides inclined at an angle to that of 
horizontal equal to or greater than the angle of slide of the polymer 
solids which remain after removal of about 50 to 100% of the inert 
diluent therefrom; communicating a continuous plug flow of concentrated 
polymer solids/slurry from the first flash tank exit seal chamber 
through the seal chamber exit reducer to a second transfer conduit which 
communicates the continuous plug flow of concentrated polymer 
solids/slurry to a second flash tank; and continuously vaporizing 
essentially all of any remaining inert diluent and/or unreacted monomer 
in a second flash tank operated at a lower pressure than the first flash 
tank; condensing the vaporized inert diluent and/or unreacted monomer 
from the second flash tank by compression and heat exchange; and 
continuously discharging the essentially dried polymer slurry from the 
second flash tank for further processing or storage. 

SUMM The present invention also relates to an apparatus for capturing a 

higher weight percentage of polymer solids from a circulating slurry in 
a loop reactor than the weight percentage of solids 

in the circulating slurry. The apparatus includes a conduit having a 

first end, wherein the first end extends for a distance into the 
loop reactor. The conduit also has portions defining 

an opening wherein the opening is positioned relative to the direction 
of the circulating slurry. Desirably, the opening may be facing the 
direction of flow of the circulating slurry. Additionally, a portion of 

the conduit may extend outwardly from the loop reactor 

for discharging, continuously or otherwise the polymer solids from the 
loop reactor. 

SUMM The present invention also provides a process for capturing a higher 

weight percentage of polymer solids from a circulating slurry in a 
loop reactor than the weight percentage of polymer 

solids in the circulating slurry. This process includes the step of 
extending for a distance into a the loop reactor a 

conduit having portions defining an opening wherein the opening is 

extends into the circulating slurry. Additionally, this process may 
include the step of discharging, continuous or otherwise, the polymer 
solids from the loop reactor through a portion of 
the conduit extending outwardly from the loop reactor 
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SUMM The present invention also provides a slurry loop 

reactor containing a flow of slurry therein which comprises a 

discharge conduit extending a distance into the loop 

reactor, the conduit having a longitudinal axis and an opening 

inside the loop reactor and at least a portion of 

the conduit being curved along its longitudinal axis inside the 

loop reactor, and the opening substantially facing the 

flow of the slurry. In one embodiment, the discharge conduit is located 

within a curved portion of the loop reactor. In 
another embodiment, the curved portion of the loop 
reactor comprises a lower leg of the loop 

reactor. Preferably, the discharge conduit is located within a 

middle portion of the curved portion of the loop 

reactor. Even more preferably, the discharge conduit is located 

substantially at the middle of the curved portion of the loop 

reactor. In another preferred embodiment in accordance with the 

present invention, the curved portion comprises a 20 to 270 degree bend, 

preferably a 80 to 200 degree bend, more preferably a 90 to 180 degree 

bend, and most preferably a 180 degree bend. 

SUMM In another embodiment, the opening of the discharge conduit is located 
inside the loop reactor at a point where the 
concentration of solids of the slurry is higher than 
the average concentration of solids in the slurry in 
the loop reactor. Preferably, the opening is located 
closer to the outside wall of the loop reactor than 
to the inside wall of the loop reactor. More 

preferably, the opening is located closer to an outside wall of the 
loop reactor than to the center of the loop 

reactor. Even more preferably, the opening is closely adjacent 

to the outside wall of the loop reactor. Most 

preferably, the opening touches the outside wall of the loop 

reactor. In yet another preferred embodiment, the discharge 

conduit is curved along its longitudinal axis from about 45 degrees to 

about 135 degrees, preferably from about 75 degrees to about 135 

degrees. In another embodiment, the face of the opening defines a plane 

which intersects an outside wall of the loop reactor 

at a tangent line which is substantially perpendicular to the plane. In 
yet another embodiment, the discharge conduit has a diameter which is 

about 5-40% of the inside diameter of the loop reactor 

, preferably about 7-25%, and more preferably about 8-15%. 

SUMM The present invention also provides an apparatus for purging polymer 
solids from a conduit connected to a loop reactor 

and in fluid communication with the loop reactor. 

This apparatus includes a sensor, a first valve in fluid communication 
with the conduit, a second valve positioned between a first inert 
diluent and the conduit, wherein the first inert diluent is in fluid 
communication with the conduit between the loop 

reactor and the first valve. In response to a signal produced by 
the sensor, the first valve is closed and the second valve is opened 
allowing the first inert diluent to enter the conduit in sufficient 
quantities and under sufficient pressure to purge polymer solids from 
the conduit. This apparatus may further include a third valve positioned 
between a second inert diluent and the conduit, wherein the second inert 
diluent is in fluid communication with the conduit between the 
loop reactor and the first valve. In this way, when 

the first valve is open and the second valve is closed the third valve 
is opened allowing the second inert diluent to enter the conduit. 
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SUMM The present invention also provides a process for purging polymer solids 
from a conduit connected to a loop reactor and in 

fluid communication with the loop reactor 

comprising. This process includes the steps of (i) closing a first valve 
in response to a first signal from a first sensor, wherein the first 
valve is connected to and in fluid communication with the conduit, (2) 
opening a second valve in response to a second signal from a second 
sensor, wherein the second valve is fluid communication between a first 
inert diluent and the conduit, and wherein the first inert diluent is in 
fluid communication with the conduit betv/een the loop 
reactor and the first valve, and (3) flowing sufficient 

quantities of the first inert diluent under sufficient pressure into the 
conduit to purge polymer solids from the conduit. In this process the 
first and second sensors may be a common sensor and the first and second 
signal may be a common signal. 

SUMM The present invention also provides an apparatus for returning fines to 
a polymerization slurry in a loop 

reactor. The apparatus includes a discharge valve for 

discharging a portion of the polymerization slurry 

from the loop reactor into a first transfer conduit. 

The first transfer conduit communicates the polymerization 

slurry into a first flash tank. The first flash tank converts a 

portion of the polymerization slurry into a first 

fluid, such as a vapor. The first fluid includes a portion of the 
diluent and the fines from the polymerization slurry 
. A second transfer conduit communicates the first fluid to a first 
cyclone. The first cyclone converts a portion of the first fluid into a 
second fluid, such as a vapor. The second fluid includes a portion of 
the diluent and the fines. A third transfer conduit communicates the 
second fluid into a heat exchanger. The heat exchanger converts the 
second fluid into a liquid comprising the diluent and the fines. A 
fourth transfer conduit returns the liquid to the polymerization 
slurry in the loop reactor. This apparatus 

may also include a first transfer conduit heater for heat exchange 
between the first transfer conduit heater and the polymerization 
slurry . 

SUMM The present invention also provides a process for returning fines to a 

polymerization slurry in a loop 

reactor. The process includes (i) discharging a portion of the 
polymerization slurry from the loop 

reactor, (ii) communicating the discharge polymerization 
slurry into a first flash tank, (iii) converting in the flash 

tank a portion of the polymerization slurry into a 

first fluid, the first fluid comprising a diluent and the fines, (iv) 
communicating the first fluid from the first flash tank to a first 
cyclone, (v) converting in the cyclone a portion of the first fluid into 
a second fluid comprising the diluent and the fines, (vi) communicating 
the second fluid into a heat exchanger, (vii) converting in the heat 
exchanger the second fluid into a liquid comprising the diluent and the 
fines, and (viii) returning the liquid to the polymerization 
slurry in the loop reactor. 



SUMM The present invention further provides an apparatus and process for 
producing polymer from a polymerization slurry in a 
loop reactor operating at a space time yield greater 

than 2.8 Ibs/hr-gal. In this instance, the polymer is formed in the 
polymerization slurry which includes a liquid medium 
and solids. The polymerization slurry is discharged 
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into a first transfer conduit. The polymerization 

slurry is referred to as a polymerization effluent upon leaving 

the loop reactor. The polymerization effluent is 

heated in the first transfer conduit to a temperature below the fusion 
temperature of the polymer solids. The heated polymerization effluent is 
communicated through the first transfer conduit to a first flash tank. 
In the first flash tank, from about 50% to about 100% of the liquid 
medium is vaporized. The vapor is condensed by heat exchange. Polymer 
solids are discharge from the first flash tank to a second flash tank 
through a seal chamber of sufficient dimension such as to maintain a 
volume of polymer solids in the seal chamber sufficient to maintain a 
pressure seal. The polymer solids are then communicated to a second 
flash tank. In the second flash tank, the polymer solids are exposed to 
a pressure reduction from a higher pressure in the first flash tank to a 
lower pressure in the second flash. The polymer solids are then 
discharging from the second flash tank. Additionally, the weight percent 
of solids in the polymerization slurry may be 
greater than 47. The loop reactor may be operated at 

a total recirculating pumping head/reactor distance of greater than 0.15 
ft/ft. The loop reactor may also be operated with a 

recirculating pumping head greater than or equal to 200 ft. and have 
more than eight vertical legs, desirably between 10 and 16 vertical 
legs, more desirably between 10 and 12 vertical legs, most desirably 12 
vertical legs. The volume of polymerization slurry 
in the loop reactor may be greater than 20,000 
gallon . 

SUMM Another object of the present invention is to increase the reactor 
throughput by the use of continuous discharge and increased 

ethylene concentrations in the liquid medium, e.g., 

greater than or equal to 4 weight percent at reactor outlet, desirably 
from 4 weight percent to 8 weight percent, still more desirably from 5 
weight percent to 7 weight percent. 
Settling legs limit ethylene concentrations due to 

an increased tendency to plug downstream equipment caused by accelerated 
reaction within the settling leg. A continuous polymerization 
effluent slurry flow allows ethylene 
concentrations to be limited only by the ethylene 

solubility in the liquid diluent in the reactor, thereby increasing the 
specific reaction rate for polymerization and increasing reactor 

throughput . 

SUMM Another object of the present invention is to increase the weight 
percent (wt %) of polymer solids in the polymerization 

slurry circulating in the polymerization zone in the 
loop reactor. Desirably, the wt % of polymer solids in 
the polymerization slurry is greater than 45, more 

desirably, from 45 to 65, still more desirably from 50 to 65, and most 
desirably from 55 to 65. 

SUMM The claimed apparatus and process provide several advantages over the 
prior art including: (1) allowing for a continuous processing of the 
contents of a slurry reactor from the point of discharge of the 
polymerization slurry effluent through a discharge 

valve; a first flash tank; a seal chamber; a seal chamber exit reducer; 
and therefrom to a second flash tank, (2) significantly increasing 
ethylene concentration in the loop 

reactor liquid medium thereby increasing reactor through-put, 
(3) significantly increasing the wt % of polymer solids in the 
polymerization slurry, (4) significantly increasing 
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reactor space time yield and (5) energy consumption is reduced by 
reducing the need to compress and/or distill the reactor vapor-liquid 
effluent. Recycling compressors and other downstream equipment can be 

reduced in size or eliminated. 

DRWD FIG. 3 is an enlarged, cross sectional view of the discharge conduit 
with opening extending a distance into the loop 
reactor and the circulating polymerization 

slurry . 

DRWD FIG. 5 is an enlarged, cross sectional view of the curved discharge 
conduit with opening extending a distance into the loop 
reactor and the circulating polymerization 
slurry . 

DRWD FIG. 6 is a schematic view of a loop reactor having 

top and bottom legs having a generally 180 degree bend and a discharge 

conduit located in a bottom portion of a bend. 
DRWD FIG. 7 is a transverse cross sectional view of a bottom section of 

loop reactor taken generally along line 7 — 7 of FIG. 

6. 

DETD As used herein, the term "polymerization slurry" 

means substantially a two phase composition including polymer solids and 
liquid circulating within the loop reactor. The 
solids include catalyst and a polymerized olefin, such as 
polyethylene. The liquids include an inert diluent, such as isobutane, 
with dissolved monomer, comonomer, molecular weight control agents, such 
as hydrogen, antistatic agents, antifouling agents, scavengers, and 
other process additives. 

DETD As used herein, the term "space time yield" (STY) means the production 
rate of polymer per unit of loop reactor volume or 
polymerization slurry volume. 

DETD As used herein, the term "catalyst productivity" means weight of polymer 
produced per weight of catalyst introduced into the loop 
reactor . 

DETD As used herein, the term "polymer residence time" means the average 
duration that a polymer particle remains within the loop 
reactor . 

DETD The present invention is applicable to any mixture which comprises a 

slurry of polymer solids and a liquid medium comprising an inert diluent 
and unreacted polymerizable monomers including 

slurries resulting from olefin polymerization. The 

olefin monomers generally employed in such reactions desirably include 
1-olefins having from 2 up to 8 carbon atoms per molecule. Typical 
examples include ethylene, propylene, butene, pentene, hexene and 
octene. Other examples include vinyl aromatic monomers, like styrene and 

alkyl-substituted styrene, geminally distributed monomers such as 
isobutylene and cyclic olefins, such as norbornene and vinyl norbornene. 
Typical diluents employed in such olefin polymerizations include 
saturated aliphatic hydrocarbons having 3 to 8, preferably 3 to 4 carbon 
atoms per molecule, such as propane, isobutane, propylene, n-butane, 
n-pentane, isopentane, n-hexane, isooctane, and the like. Of these 
diluents those of 3 to 4 carbon atoms per molecule are preferred, and 
isobutane is most preferred. 
DETD The rate of discharge of the polymerization effluent is such as to allow 
a continuous process stream from the slurry loop 
reactor from the point of discharge of the liquified 

polymerization effluent through a single point discharge valve and also 
through the first flash tank and the associated vapor recovery and 
solids recovery systems. The rate of discharge of the polymerization 
effluent is such as to maintain a constant pressure in the slurry 
reactor and to eliminate intermittent high pressure pulses associated 
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with a discharge of a portion of the reactor contents that occurs with 
settling legs on slurry reactors. 
DETD In the embodiment illustrated in FIG. 1, the polymerization is carried 

out in a loop reactor 1. It will be understood that 
while the loop reactor 1 is illustrated with four 
vertical legs, the loop reactor 1 may be equipped 

with more legs, desirably eight or more legs, desirable between 8 and 

20, more desirable between 8 and 16, most desirable with 12 legs. The 

polymerization slurry is directionally circulated 
throughout the loop reactor 1 as illustrated by 

arrows A-D by one or more pumps, such as axial flow pumps, 2A and 2B. 
Desirably, the loop reactor 1 is equipped with 

multiple pumps wherein each pump is dedicated to an even number of legs, 
such as for example, four legs, six legs, eight legs, etc. Diluent 
comonomer and monomer are introduced into the loop 
reactor 1 from the diluent storage vessel 40, the comonomer 
storage vessel 41, and the monomer source 42 through their respective 
treater beds 37, 38, and 39 through conduits 5, 4 and 3, respectively, 
connected to conduit 6. Catalyst is added to the loop 
reactor 1 through one or more catalyst feed systems 7A and 7B. 
Normally, catalyst is introduced in a hydrocarbon diluent. 
DETD Polymerization slurry may be removed from the 
loop reactor by continuous discharge through a 
discharge conduit 8A. It will be understood that the loop 
reactor 1 may be equipped with one or more discharge conduits 
8A. It will be also understood that the discharge conduit (s) 8A may be 
operated in a continuous or discontinuous mode, but desirably a 
continuous mode. The discharge conduit 8A extends for a distance through 
a portion of the wall of the loop reactor 1 and into 
the circulating polymerization slurry. By extending 
for a distance into the polymerization slurry, the 
discharge conduit 8A may remove polymerization effluent from the 
circulating polymerization slurry over an area 
defined from near or adjacent the inside wall of the loop 
reactor 1 to a distance extending into the circulating 
polymerization slurry. In this way, a higher weight 

percentage of polymer solids may be formed within the conduit 8A and 
ultimately removed from the loop reactor 1 than the 

weight percentage of polymer solids within the otherwise circulating 

polymerization slurry. A pressure control system (not 

shown in FIG. 1) operates in concert with the discharge conduit 8A. The 
discharge conduit 8A and the pressure control system 410 are more 
clearly illustrated in FIGS. 3 and 4 and will be discussed in greater 
detail below. 

DETD A pump 25 is provided for conveying the condensed liquid medium from the 
accumulator 24B back to the polymerization zone by a conduit 26. In this 
way, the unreacted/under-reacted catalyst and polymer solids not removed 
by the cyclone 13 are returned for further polymerization to the 
loop reactor 1 . 

DETD Turning now to FIG. 3, a portion of a wall 310 of the loop 
reactor 1 through which the discharge conduit 8A extends is 
illustrated. The discharge conduit 8A may extend into the reactor at 
various angles. Desirably, the discharge conduit 8A extends into the 
loop reactor at substantially a right angle relative 
to the wall 310. 

DETD The wall 310 includes an inside surface 312 and an outside surface 314. 
The inside surface 312 supports the circulating polymerization 
slurry illustrated by directional arrows 318. The discharge 
conduit 8A has a top 316A, and a continuous side 316B. Portions of the 
side 316B define an opening 320. The opening 320 has a vertical opening 
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dimensions vl and v2 defined by walls 320A and 320B of the side 316B, 
Desirably, the vl dimension is greater than the v2 dimension. The 
opening 320 has horizontal opening dimensions hi and h2 (not shown) . The 
opening 320 may be formed in any suitable shape, such as rectangular, 
oval, or a combination thereof. In one embodiment, the opening 320 may 
be conical-shaped or scooped shaped. 

DETD The opening 320 communicates with a channel 322 defined by the inside 
surfaces of the top 316A and the side 316B. The channel 322 conveys 
captured polymerization slurry, illustrated by 
directional arrow 324 to the discharge valve 8B (not shown) . 

DETD The opening 320 is sized and positioned relative to the direction of 
movement of the circulating polymerization slurry 

318. Desirably, the opening 320 is in a substantially facing position to 

the direction of the circulating polymerization slurry 

318. More desirably, the opening 320 faces the direction of the 

circulating slurry 318. In this way, a portion of the 

polymerization slurry 324 containing polymer solids is 

removed from the circulating polymerization slurry 

318 over an area from near or adjacent the inside wall 312 of the 

loop reactor 1 to a distance extending into the 

circulating polymerization slurry 318. In this way, 

a higher weight percentage of polymer solids may be formed within the 
conduit 8A than the weight percentage of polymer solids within the 
otherwise circulating polymerization slurry. 
DETD This weight percentage increase of polymer solids may depend upon the 
location of the discharge conduit 8A along the loop 
reactor 1, the insertion depth of the discharge conduit 8A 
within the loop reactor, the size and configuration 

of the opening 320, the orientation of the opening 320 relative to the 

direction of the circulating polymerization slurry, 

and the weight percentage of polymer solids in the circulating 

polymerization slurry 318. For example, between 1 to 5 

weight percentage calculated increase is observed with a discharge 

conduit 8A having an vl dimension of approximately 5 inches and a hi 

dimension of approximately 1 inch. The discharge conduit 8A was 

positioned 10 ft downstream of a 90 degree bend in the loop 

reactor 1 in a portion of the loop reactor 

wall 314 adjacent the ground. The discharge conduit 8A extended 
approximately 5.5 inches into the circulating polymerization 

slurry stream. The velocity of the circulating 
polymerization slurry was in the range of 28 to 34 

ft/sec with weight percent of polymer solids in the range of 48 to 53. 
DETD Turning now to FIG. 5, another embodiment in accordance with the present 
invention. In this embodiment, discharge conduit 8C extends through a 

portion, preferably a lower portion, of a wall 310 of the loop 
reactor 1. Wall 310 is part of the outside wall of the 
loop reactor (FIG. 7) . As used herein, "outside wall" 

means that portion of the reactor wall towards which the solids in the 
loop reactor slurry tend to flow, by centrifugal 

force, when the slurry travels through a bend in the loop 

reactor. As shown in FIG. 7, the illustrated "outside wall" is 

the lower portion 310 of the reactor wall. At least a portion of the 

discharge conduit 80 is curved along its longitudinal axis inside the 

loop reactor. Without wishing to be bound by theory, 

it is believed that this avoids or substantially reduces turbulence of 
the circulating polymerization slurry flow once it 

enters the discharge conduit. The opening 325, preferably, located at 
the end of the curved conduit inside the loop reactor 
is substantially facing the flow of the circulating slurry 318. In a 
preferred embodiment in accordance with the present invention, the 
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discharge conduit is located within a middle portion of the curved 
portion of the loop reactor, more preferably 

substantially at the middle of the curved portion, most preferably in a 
lower leg of the reactor. 
DETD In a preferred embodiment in accordance v/ith the present invention, the 
curved portion 310 of the loop reactor comprises a 
20 to 270 degree bend, preferably a 80 to 200 degree bend, more 
preferably a 90 to 180 degree bend, and most preferably a 180 degree 
bend . 

DETD In another preferred embodiment, the discharge conduit 8C is located 
substantially at the bottom of a 180 degree bend of the loop 
reactor 1. Such an embodiment is illustrated schematically in 
FIG. 6. In this embodiment at least one bottom leg 328 of the reactor 
has a bend of about 180 degrees. In other words, instead of being a 
substantially straight section located between two 90 degree bends, the 
lower leg of the loop reactor is substantially "U" 

shaped. In this embodiment, discharge conduit 8C is preferably located 

substantially in a central portion of generally U shaped bottom leg 328 

and extends through the bottom wall 310 of the reactor 1. In this 

embodiment, the opening 325 is located inside the loop 

reactor in any position but preferably close to the outside wall 

in the lower leg of the loop reactor so as to 

capture a higher concentration of solids than the 

average concentration of solids in the loop 

reactor. Without wishing to be bound by the theory, it is 

believed that the centrifugal force of the circulating flow cause a 

higher concentration of solids in the lower portion 

of the cross-section of the lower leg. For example, in one embodiment, 
the average concentration of solids in the 

loop reactor is about 55 wt. % and the captured 
solids concentration is above 57 wt . %, preferably 

above 60 wt . %, more preferably above 65 wt. %. In one embodiment as 

illustrated schematically in FIG. 7, the opening 325 is located closer 

to the outside wall 310 of the loop reactor than to 

the inside wall 330 of the loop reactor. Preferably, 

the opening is located closer to the outside wall 310 of the 

loop reactor than to the center 331 of the 

loop reactor. More preferably, the opening is closely 

adjacent to the outside wall of the loop reactor. 

Most preferably, the opening touches the outside wall of the 

loop reactor. 

DETD In yet another preferred embodiment, the section of the discharge 
conduit 8C inside the loop reactor is bent in a 
curve towards the flow of the slurry 318 of the loop 
reactor. The discharge conduit has a diameter less than that of 
the loop reactor legs to avoid interference with the 
flow of the polymerization slurry circulation inside 
the loop reactor. Preferably, the discharge conduit 
has a diameter 5-40% of the diameter of loop reactor 

, more preferably 7-25%, and most preferably 8-15%. The diameter of the 
loop reactor is measured in the immediate area of the 

opening of the discharge conduit. In one example, the discharge conduit 
is a pipe having a substantially circular transverse cross section of 
about 2-inch diameter which the diameter of the loop 

reactor in the immediate area is about 20 inches. 
DETD In another embodiment, the discharge conduit 8C is curved substantially 
towards the flow of the circulating slurry. Preferably, the curve is 
from about 45 degrees to about 135 degrees. More preferably, the curve 
is from about 75 degrees to about 135 degrees. In one embodiment, as 
illustrated schematically in FIG. 5, the face of the opening at the end 
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of the discharge conduit defines a plane 329 which intersects an outside 
wall of the loop reactor at a tangent line which is 
substantially perpendicular to the plane. 
DETD Turning now to FIG. 4, the pressure control system 410 is illustrated. 
The pressure control system 410 operates to maintain substantially 
uniform pressure within the loop reactor 1 by 

controlling the discharge of polymerization effluent from the 

loop reactor 1 via the discharge conduit 8A. The 

control system 410 also operates to prevent plugging of the discharge 
conduit 8A by polymer solids during pressure fluctuations within the 
loop reactor 1 and/or when the flow of polymerization 
effluent from the discharge conduit 8A to conduit 9 is interrupted 
and/or stopped. 

DETD The pressure control system 410 includes a first inert diluent source 
412, such as isobutane, and an inert diluent conduit 414 in 
communication with a loop reactor conduit 416. The 

flow of inert diluent through the inert diluent conduit 414 to the 
loop reactor conduit 416 is controlled by the control 
valve 418 in concert with a flow element 420 and a flow indicator 
controller 422. The purpose of metering the flow of inert diluent from 
the first inert diluent source 412 to the loop reactor 

1 is to prevent plugging of the conduit 416 by polymer solids. In this 

way, a loop reactor pressure element 441 (discussed 

below) , in communication with the loop reactor 

conduit 416, may more accurately monitor the pressure in the 

loop reactor 1 . 

DETD The pressure control system 410 further includes as second inert diluent 
source 424 and a third inert diluent source 426. Inert diluent, such as 
isobutane, from the second inert diluent source 424 flows into a conduit 

428 towards a control valve 430 which is in fluid communication with a 
conduit 432. The control valve 430, in concert with a flow element 431 
and a flow indicator controller 433, meters the flow of inert diluent 
from the second inert diluent source 424 into conduit 432. The conduit 
432 is in fluid communication with a conduit 434 and the discharge 
conduit 8A, terminating in the discharge conduit 8A at a point between 
the loop reactor 1 and the discharge valve 8B. The 

purpose of metering the flow of inert diluent from the second inert 
diluent source 422 into the conduit 432 is to prevent plugging of the 
conduit 432 by polymer solids which might otherwise back flow into the 

conduit 432 from the discharge conduit 8A. Additionally, the flow of 
inert diluent from the second inert diluent source 422 also prevents 
plugging of the conduit 434 and the control valve 440 by polymer solids 
which might back flow into conduit 432 from the discharge conduit 8A. 
DETD Inert diluent from the third inert diluent source 426 flows into a 

conduit 438 towards a control valve 440 which is in fluid communication 

with conduit 434. As will be explained in greater detail below, in the 

event of a sufficient pressure fluctuation within the loop 

reactor 1, the control valve 440 operates to initiate a 

sufficient flow under sufficient pressure of inert diluent from the 

third inert diluent source 426 to purge and/or discharge polymer solids 

from the discharge conduit 8A into the loop reactor 

1. In this instance, generally the flow of inert diluent from the third 
inert diluent source 426 into the conduit 432 will be greater than the 
flow of inert diluent from the second inert diluent source 424 into the 
conduit 432. For example, the flow of inert diluent from the second 
inert diluent source 424 to the discharge conduit 8A may be in a range 
of 0.5 to less than 2.0 gallons/min. The flow of inert diluent from the 
third inert diluent source 426 to the discharge conduit 8A may be in a 
range of 2.0 to 20 gallons/min. 
DETD The loop reactor pressure element 441 and a pressure 
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indicating controller 442 perform several functions. As previously 
mentioned, the pressure element 441 monitors the loop 
reactor 1 pressure via the conduit 416. In response to this 
pressure, the loop reactor pressure element 441 

generates an signal proportional to the pressure in conduit 416. This 
signal is conveyed to the pressure indicating controller 442. In 
response to this signal and a preset pressure value, the pressure 
indicating controller 442 sends a signal through a signal conduit 
(illustrated by the broken line 444) to the discharge valve 8B and the 
control valve 440. 
DETD During normal loop reactor operations, the discharge 

valve 8B is positioned to permit the flow of polymerization effluent 
from the discharge conduit 8A to conduit 9. At the same time, the 
control valve 440 is closed preventing the flow of inert diluent from 
the third inert diluent source 426 to the discharge conduit. When 
sufficient pressure fluctuations occur and/or when partial 
depressurization in the loop reactor 1 are detected 
by the loop reactor pressure element 441, the signal 

generated by the pressure indicating controller 442 causes the discharge 
valve 8B to close and the control valve 440 to open. By closing 
discharge valve 8B, thus interrupting the discharge from the 
loop reactor 1, pressure within the loop 

reactor 1 may be restored. By opening the control valve 440 and 

flowing sufficient volumes of inert diluent from the third inert diluent 

source 425 into the discharge conduit 8A under sufficient pressure, 
polymer solids remaining in the discharge conduit 8A between the 
discharge valve 8B and the loop reactor 1 may be 

flushed out of and/or purged from the discharge conduit 8A and into the 
loop reactor 1. Additionally, by maintaining a 

sufficient flow of inert diluent, continuous or otherwise, into and/or 
through the discharge conduit 8A while the discharge valve 8B is closed, 
the polymer solids within the loop reactor 1 are 

prevented from entering and/or substantially collecting in the discharge 
conduit 8A and/or plugging the discharge conduit 8A. Upon return of 

normal operations, the control valve 440 closes terminating the flow of 
inert diluent from the third inert diluent source 426 and the discharge 
valve 8B opens to resume the flow of polymerization effluent through the 
discharge conduit 8A into the conduit 9. 



DETD 



ETHYLENE POLYMERIZATION DATA 



TABLE 1 



EXAMPLE 3 EXAMPLE 4 



Nominal pump ( s ) size, inches 20 20 

Reactor solids concentration, wt . % 46-48 54-57 

Polymer production rate, K Ibs./hr. 28-31 38-42 

Reactor circulation pump power, KW 460-480 890-920 

Circulation pump head, ft. 85-110 190-240 

Circulation rate, GPM 21,000-28,000 23,000-30,000 

Reactor slurry density, gm/cc 0.555-0.565 0.588-0.592 

Reactor temperature, degrees F 215-218 217-218 
Ethylene concentration, wt . % 4.0-4.4 
5.0-6.0 

Hexene concentration, wt . % 0.13-0.19 0.13-0.19 

Heat transfer coefficient, btu/hr-f-ft 215-225 230-245 

Reactor volume, gallons 11,500 11,500 

Reactor length, ft. 833 833 
Circulating pump head 

per reactor length, ft/ft 0.100-0.132 0.228-0.288 
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Catalyst productivity, lb/lb 2,700-3,000 2,700-3,000 

Polymer residence time, hrs. 0.83-0.92 0.68-0.79 

Space time yield, Ibs/hr-gal 2.4-2.7 3.3-3.7 

Isobutane compressed and recycled, % 100 45-60 

DETD It has been observed that by increasing the head and flow capability of 
the loop reactor circulating pump(s), higher weight 
percent solids can be circulated in the reactor. It has also been 
observed that attaining the necessary head and flow from one pump is 
increasingly difficult as percent solids are increased above 45 weight 
percent and/or reactor length is increased. Therefore, the use of two 
pumps in series allows a doubling of pumping head capability and a 
resulting percent solids increase. Increased weight percent solids in 
the loop reactor increases catalyst residence time, 

which for chrome oxide and Ziegler-Natta catalysts, increases catalyst 
productivity. One can choose to take advantage of higher percent solids 
and longer residence time by keeping production rate constant at reduced 
catalyst feed rate and improve the catalyst yield. Another alternative 
is to maintain catalyst feed rate constant and increase the reactor 
throughput and therefor increase STY at nearly constant catalyst 
productivity. Higher solids also increases the weight percent solids 
removed from the reactor which reduces isobutane processing cost in 
recycle equipment. Desirably, the higher solids are removed 
continuously. Continuous discharge may occur through a single point 
discharge line. 
DETD In a loop reactor, it is not always possible to 

locate the continuous discharge line in an optimal location to take 
advantage of centrifugal force to increase the weight percent solids and 
therefore reduce the amount of isobutane entrained with the polymer 
solids. It has been observed that a specifically designed pipe as 
illustrated in FIG. 3 inserted into the loop reactor 

can increase weight percent solids removed from the reactor. This pipe 
insert will function in any section of the loop 
reactor and in a straight section will increase the weight 
percent solids to that equal to that in a location which takes advantage 
of centrifugal force to concentrate solids. 
DETD With the development of high weight percent solids circulation 
capability in the loop reactor and two-stage flash, 
the need to concentrate solids in the reactor 
discharge is reduced compared to the conventional loop 
reactor operations having low solids circulation, single-stage 
flash, continuous discharge line, and continuous discharge or otherwise. 
Therefore, the conventional loop reactor settling 
legs, which are designed to maximize polymer solids 
concentration prior to discharge, can be replaced with a 
continuous discharge line, which simplifies the system mechanically, 
reduces capital cost, improves safety, reduces maintenance and improves 
reactor control. Settling legs require routine maintenance due to their 
plugging tendency and can form material which plugs downstream polymer 
handling equipment. Maximum loop reactor 
ethylene concentration is limited by settling legs due 
to the tendency for polymer to grow in the legs at elevated 
ethylene concentrations between discharges and 

therefore plug the leg. Continuous discharge eliminates this tendency. 
Another advantage of continuous discharge is better response to a sudden 
drop in reactor pressure, which can happen if ethylene flow is 
quickly reduced. Under this condition, settling legs will stop 
discharging and can plug with polymer within minutes 
DETD The condenser provides for low variable and capital cost liquefaction of 
the diluent removed from the rector with the polymer via the first flash 
tank. Conventional single flash tank systems flash the polymerization 
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effluent to the just above ambient pressure, which requires compression 
to liquefy the diluent prior to recycle to the loop 
reactor. An intermediate pressure flash provides for 

condensation with a commonly available cooling medium, such as Plant 
cooling water. The condenser system is flushed with diluent and designed 
to accommodate a level of fines without accumulation or plugging. The 
condenser is cooled by a tempered water system which controls the 
condensation temperature to achieve the proper vapor pressure in the 
accumulator to allow efficient pressure control by the pressure control 
valve on the accumulator vent . The condenser tempered water system is a 
pump-around loop of cooling water, the temperature of which is 
controlled by metering in fresh cooling water as needed. 
DETD The accumulator receives the condensed diluent and catalyst/polymer 
fines and pumps the mixture back to the loop reactor 

based on level control in the accumulator . The accumulator has a bottom 
shape designed to accommodate fines. A vent on the accumulator purges 
the accumulated diluent of light-ends/non-condensables and controls 
pressure on the first flash system. 

DETD The second flash tank, operating just above ambient pressure, receives 
polymer from the first flash tank seal chamber. Complete vaporization, 
if not already accomplished in the first flash tank, will occur in the 
second flash tank. Polymer leaves the bottom of the second flash tank to 
the dryer system. The flash-line heater would increase the temperature 
of the polymer which allows the dryer system to remove residual 
volatiles more efficiently and effectively. The overhead of the second 
flash tank will be diluent vapor not recovered in the first flash system 
and will be filtered and compressed for return to the loop 
reactor . 

CLM What is claimed is: 

1. A slurry loop reactor containing a flow of slurry 

therein, comprising: a discharge conduit extending a distance into the 
loop reactor; the conduit having a longitudinal axis 
and an opening inside the loop reactor; at least a 

portion of the conduit being curved along its longitudinal axis; and 

the opening substantially facing the flow of the slurry; the discharge 

conduit being located substantially at the middle of a curved portion of 

the loop reactor; the curved portion of the 

loop reactor comprising a lower leg of the 

loop reactor; the curved portion of the loop 

reactor comprising a 180 degree bend; the discharge conduit 

being curved along its longitudinal axis more than about 75 degrees but 

less than about 135 degrees; the face of the opening defining a plane 

which intersects an outside wall of the loop reactor 

at a tangent line being substantially perpendicular to the plane; the 
discharge conduit having a diameter which is about 8-15% of the inside 
diameter of the loop reactor; and the opening is 
closer to the outside half wall than the center line of the loop 
reactor . 

CLM What is claimed is: 

2. A slurry loop reactor containing a flow of slurry 

therein, comprising: a discharge conduit extending a distance into the 
loop reactor; the conduit having a longitudinal axis 
and an opening inside the loop reactor; at least a 

portion of the conduit being curved along its longitudinal axis inside 
the loop reactor; and the opening substantially 

facing the flow of the slurry, wherein the discharge conduit is located 
within a lower leg of the loop reactor. 



CLM What is claimed is: 
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3. The loop reactor according to claim 2, wherein 

the discharge conduit is located within a curved portion of the 
loop reactor. 

CLM What is claimed is: 

4. The loop reactor according to claim 3, wherein 

the discharge conduit is located within a middle portion of the curved 
portion of the loop reactor. 

CLM What is claimed is: 

5. The loop reactor according to claim 4, wherein 

the discharge conduit is located substantially at the middle of the 
curved portion of the loop reactor. 

CLM What is claimed is: 

6. The loop reactor according to claim 4, wherein 

the face of the opening defines a plane which intersects an outside wall 
of the loop reactor at a tangent line which is 
substantially perpendicular to the plane. 

CLM What is claimed is: 

7. The loop reactor according to claim 4, wherein 

the discharge conduit has a diameter which is about 5-40% of the inside 
diameter of the loop reactor. 

CLM What is claimed is: 

8. The loop reactor according to claim 4, wherein 

the discharge conduit has a diameter which is about 7-25% of the inside 
diameter of the loop reactor. 

CLM What is claimed is: 

9. The loop reactor according to claim 4, wherein 

the discharge conduit has a diameter which is about 8-15% of the inside 
diameter of the loop reactor. 

CLM What is claimed is: 

10. The loop reactor according to claim 3, wherein 

the discharge conduit is located substantially at the middle of the 
curved portion of the loop reactor. 

CLM What is claimed is: 

11. The loop reactor according to claim 10, wherein 
the curved portion comprises a 20 to 270 degree bend. 

CLM What is claimed is: 

12. The loop reactor according to claim 10, wherein 
the curved portion comprises a 80 to 200 degree bend. 

CLM What is claimed is: 

13. The loop reactor according to claim 10, wherein 
the curved portion comprises a 90 to 180 degree bend. 

CLM What is claimed is: 

14. The loop reactor according to claim 10, wherein 
the curved portion comprises a 180 degree bend. 

CLM What is claimed is: 

15. The loop reactor according to claim 10, wherein 

the face of the opening defines a plane which intersects an outside wall 
of the loop reactor at a tangent line which is 



S/N 10/572817 



substantially perpendicular to the plane. 

CLM What is claimed is: 

16. The loop reactor according to claim 10, wherein 

the discharge conduit has a diameter which is about 5-40% of the inside 
diameter of the loop reactor. 

CLM What is claimed is: 

17. The loop reactor according to claim 10, wherein 

the discharge conduit has a diameter which is about 7-25% of the inside 
diameter of the loop reactor. 

CLM What is claimed is: 

18. The loop reactor according to claim 10, wherein 

the discharge conduit has a diameter which is about 8-15% of the inside 
diameter of the loop reactor. 

CLM What is claimed is: 

19. The loop reactor according to claim 3, wherein 
the curved portion comprises a 20 to 270 degree bend. 

CLM What is claimed is: 

20. The loop reactor according to claim 19, wherein 

the face of the opening defines a plane which intersects an outside wall 
of the loop reactor at a tangent line which is 
substantially perpendicular to the plane. 

CLM What is claimed is: 

21. The loop reactor according to claim 3, wherein 
the curved portion comprises a 80 to 200 degree bend. 

CLM What is claimed is: 

22. The loop reactor according to claim 21, wherein 

the face of the opening defines a plane which intersects an outside wall 

of the loop reactor at a tangent line which is 
substantially perpendicular to the plane. 

CLM What is claimed is: 

23. The loop reactor according to claim 3, wherein 
the curved portion comprises a 90 to 180 degree bend. 

CLM What is claimed is: 

24. The loop reactor according to claim 3, wherein 
the curved portion comprises a 180 degree bend. 

CLM What is claimed is: 

25. The loop reactor according to claim 24, wherein 

the face of the opening defines a plane which intersects an outside wall 
of the loop reactor at a tangent line which is 
substantially perpendicular to the plane. 

CLM What is claimed is: 

25. The loop reactor according to claim 3, wherein 

the discharge conduit is curved along its longitudinal axis from about 
45 degrees to about 135 degrees. 

CLM What is claimed is: 

27. The loop reactor according to claim 3, wherein 

the discharge conduit is curved along its longitudinal axis from about 
75 degrees to about 135 degrees. 
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CLM What is claimed is: 

28. The loop reactor according to claim 3, wherein 

the face of the opening defines a plane which intersects an outside wall 
of the loop reactor at a tangent line which is 
substantially perpendicular to the plane. 

CLM What is claimed is: 

29. The loop reactor according to claim 3, wherein 

the discharge conduit has a diameter which is about 5-40% of the inside 
diameter of the loop reactor. 

CLM What is claimed is: 

30. The loop reactor according to claim 3, wherein 

the discharge conduit has a diameter which is about 7-25% of the inside 
diameter of the loop reactor. 

CLM What is claimed is: 

31. The loop reactor according to claim 3, wherein 

the discharge conduit has a diameter which is about 8-15% of the inside 
diameter of the loop reactor. 

CLM What is claimed is: 

32. The loop reactor according to claim 2, wherein 

the discharge conduit is curved along its longitudinal axis from about 
45 degrees to about 135 degrees. 

CLM What is claimed is: 

33. The loop reactor according to claim 2, wherein 

the discharge conduit is curved along its longitudinal axis from about 
75 degrees to about 135 degrees. 

CLM What is claimed is: 

34. The loop reactor according to claim 2, wherein 

the face of the opening defines a plane which intersects an outside wall 
of the loop reactor at a tangent line which is 
substantially perpendicular to the plane. 

CLM What is claimed is: 

35. The loop reactor according to claim 2, wherein 

the discharge conduit has a diameter which is about 5-40% of the inside 
diameter of the loop reactor. 

CLM What is claimed is: 

36. The loop reactor according to claim 2, wherein 

the discharge conduit has a diameter which is about 7-25% of the inside 
diameter of the loop reactor. 

CLM What is claimed is: 

37. The loop reactor according to claim 2, wherein 

the discharge conduit has a diameter which is about 8-15% of the inside 
diameter of the loop reactor. 

CLM What is claimed is: 

38. The loop reactor according to claim 2, wherein 
the opening is located inside the loop reactor at a 
point where the concentration of solids of the 
slurry is higher than the average concentration of 
solids in slurry in the loop reactor. 
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CLM What is claimed is: 

39. The loop reactor according to claim 38, wherein 

the opening is located closer to the outside wall of the loop 
reactor than to the inside wall of the loop 
reactor . 

CLM What is claimed is: 

40. The loop reactor according to claim 39, wherein 

the opening is located closer to an outside wall of the loop 
reactor than to the center of the loop reactor 



CLM What is claimed is: 

41. The loop reactor according to claim 40, wherein 

the opening is closely adjacent to the outside wall of the loop 
reactor . 

CLM What is claimed is: 

42. The loop reactor according to claim 41, wherein 
the opening touches the outside wall of the loop 
reactor . 
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A process for producing bimodal polyethylene resins, in 2 reactors in 
series, comprises producing a first polyethylene resin fraction in a first 
slurry loop reactor in a diluent in the presence of a catalyst and 
producing a second polyethylene resin fraction in a second slurry loop 
reactor in diluent in the presence of the catalyst, where the first 
polyethylene resin fraction is passed from the first reactor to the second 
reactor together with the catalyst, 1 of the reactors producing a resin 
fraction of higher mol. than the other, and characterized in that the 
first reactor is fed with ethylene and diluent having an ethylene content 
>70% based on the weight of the diluent and in that in the first 
reactor the slurry of polyethylene in the diluent has a solids content 
>30% based on the weight of the diluent. A relatively low mol. weight 
polyethylene is produced in the second reactor. When the first reactor 
high mol. weight product has a d. lower than that of the second reactor 
product, a material is made with slow crack growth resistance, determined by 
the notched pipe test. 
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slurry loop reactor, serially connected to the first reactor, in the 
diluent in the presence of the catalyst, the first polyethylene resin 
fraction being passed from the first reactor to the second reactor 
together with the catalyst, one of the first and second reactors 
producing a resin fraction of higher molecular than the resin fraction 
produced by the other of the first and second reactors, characterised in 
that the first reactor is fed with a feed of ethylene and diluent having 
an ethylene content of at least 70 wt % based on the weight of the 
diluent and in that in the first reactor the slurry of polyethylene in 
the diluent has a solids content of at least 30 wt % based on the weight 
of the diluent. 
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resine de polyethylene dans un second reacteur en boucle a combustible en 
suspension dans un diluant en presence d'un catalyseur. Ce second 
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